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STLADI-1TATE , SEOXIPUl CP-.VTCTI0-I IfKEATH LITHOSPHERIC 
PIJTEi win TEMPERATURE- ASH PBESSlUE-DEI-ENbUT VISCO- 

l. FUltonl 1 Lab. da cjophya. f[ Ceudvnn. ini., Lniv. 
J ® Farla-Bud., 91405 Oraay. France I, D. A- Tuan 
We hue conai meted a the monachal! leal modal Tor 
uppai nolle convection auci chat tha thlckneea ard the 
at mclure of cha llthoaphera ace dateralned eel [-can- 
’latently by tha heat transported by convection. In 
thla Brody of tha Interaction between the llthoaehare 
and uopet nanrlo. atrongly temperature- and proeiore- 
Jepmdanr rhoolojlae for both Newtonian and noa-Heu- 
ronlaa creep necbanlaca ara employed. For a atrlcclv 
le-iparatura-depaudant rheology an taalgnU leant arw.ot 
or hear. Uaa than 1J.S tMtA , can be transported ren- 
v actively fo, „ i nttr i or vlacoalty. 0(li)ZI Faal, roo- 
pat lbl a with poet glee Lai rebound. On tha other band. 
f.'T alatlar values ol tha lnterlar viatoelty. aisady 
hoar fluaea batwem 20 and 40 dV/d? ara produced by 
lot reducing preiaura -dependence Into the rhenleiy. 

For the tempura cure- and preaaura- dependent Hew law 
tha horlaon tally averaged Interior taoparatura d lap lays 
w*ry Utile variation with rha asounc of hast evacuated 
, onca all ol rha rheological parazecara ara ri\*d. 

TMi Hiding may have Important raolf Icat Iona f et W ra- 
eaterllad convert Ion. Ve employ bath tha single- node, 
nean-Ileld epproxiaeilon end the coop late tvo-dloan- 
flenal equations, uilng finite elamente. to obtain ao- 
lutlena Tor the varlona cypee or rhaologlea. From avel- 
uatln* the geophysically relevant obaervabloe, auch aa 
topography, fcee-alr gtevlty anomaltea, aurfaca heat 
flew and acres. fields In th D llthoaphera. w o find that 
Che lateral variations of tha an quant ft las predicted 
by a non-Newton Ian rheology are ruch smaller than Lhasa 
derived from a 1 Inoar rheolopy. Theta r.aulca auggoet 
tl^L turFnca varlat Iona or geophyalcal obiorvablae 
"* car. rompatlbla with a nun-Sautoulan rheology l D 
the upper mantle. w 

J. Ccepnyi. IIjb., 9. Paper 4g.jd7J 
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GECLCGY AND GEOCHR'^MLOCY OF THE LINE ISLANDS 

S. 0. Sch longer (Da-purtnent of Caologlcal Scloncea, 

Korthioatern tielvoralty, Evanetan, llllnoie, 602011, 

H. 0. Carrie, B. H. Hearing, J. J. Nnughtos, 

P. A. Own can, V. W. Sager, J. A. Ilaggortv, J. A. 
Phllports 

Volcanic roeka that form cdtflcea In tha Lina 
I h lands Bis largely alien 11c beulta and hauailroe 
although a tholallLic basalt and a phenol Uu Lava 
been recovered rron the contral part of the Lina 
Chain. The a Italic basal Ca are of elbullne to pornl- 
tallna afflnlLlaa. Kajor element, traco aleaonc and 
sea lyses Indicate that the volcanic rocka of tho 
Lina Islands ate typical or ccaonle Island nlkallc 
lavas and unlike typical aid-ocean ridge or rrntLurii 
ions bo aalta, taring or these lacks by * 1 Ar- 1 *Ar, 
s-Ar, and paleontological method!, conblncil *rtth DSMI 1 
data From altal 165, HI, and 316 sod previously dated 
dtadgad rocks, provide ogee or volcanic events at 20 
local It lea along the chain from 1S*N to 9 a S — a 
distance or almo.e 4000 km. All of theac dates 
define mld-Ctatacaoui to Lota bene edifice or rldgo 
■utldlng volcanic events. Ecceas volcanic avonrs took 
place fron 1S*N to 9*5 and Lata Cretacooue events 
took place from 10’S to 9°S. ]„ tba southern Line 

Islands both Criceoeoua and Encana event a took place 
od the earn adirics or tldga Indicating recurrent 
volcantam at a tingle locality. Tho Irregular dis- 
tribution OE a tolls In tho chain, tha history of Lora 
Cretaceous teat growth, and tba observation that 
oalghboring seamounts exhibit different subsidence 

hl5i ‘St* ! “ tW "Wncs or tho chain 

tav. not follow da t^ related autaldoneo path. Four 

f t0 “ Ch “ CBnttal »r the Line chain, 
*“• ’ '‘J t “ 1 ■ p omagn.tlc poles which fall wall to the 
north of virtual gaoaagnaelc pnlaa of Crataceoua 
ssan ouote. Theao four polaa agreo vlth other paloo- 
aa gnotlc data of Hlddla-Lata Eocana - Early Ollgocann 
ogc Ina tha Paolflei we Infer that thaao four asa- 
Bounta are or Kiddle -La is Eocaoa age to Early OLlogo- 
,R ?; v ,our ■«“««■, give virtual geomagnetic 
F0laa Iftleh ogre, with Uts Crataceoua polccaegnatU 
data from the Pacific. Of thaaa four aestounti 
5 r ‘ a " J" ' Cr.tac.ou. **Ar- ,, Ar age. ™JIig , rao 

iitarorotS 1 in , th “ ,Cutt * ra lln * lalanda, 1. 

Integrated, op pa loon to logical evidence, co be of 

S^ataaln ta? 0 ”-! 8 "' * “ d “ 1 “P 10 ? 1 "* ch « “otlon or 
b “loglo tat spot c snoot account for all of the vnl- 

a»ta. " ^ th * Un " lBta * ■‘though It dose 

explain a general age progression of 9.M0.4 cm/yr 
from north to south Hang the chain derived froai a 
nunhar of dated edifices. A multiple hoe ap« 

' Mm i S1S P0 “^ , ** ° ,har wtk “'■ “taunts tar tore of 

•ii Si buc ,tlU d “" noc 

Sttlnar a OM 8 ^: M ’ P#tIOi °a 1< - *>* argue 

^ ln,t . ■.■Mroessn rfdga or troaitarm fault origin 

J. Gtophys. a#!,., B, Vapar 4 0d7Sl 
8IS9 Plate Tectonics 

MbEaUflHETIBH 0T LINE 1 SLANT'S SRAKOUKTBl ■ EVIDENCE 
m LATE CSETM10U8 ABD EARLY TEAT I AST VOLCAXT8M 
Bel™.!?? (Oceanography Dapartmant, Texas AAH 
VHlvar.Uy. CoUaga Station, Y«.e, 77B43) .od I. h. 

A linear Least squares Bathed was uaad to obtain 

lofor “ tl «n r FOa Che Mgnatu aaoeallas 
tat l?M l « th « Um lalanda aaomouat chela 

pal ooeagnit (c modeling ql the Llnq lelande ■ 
SST.-" ° bt * ln foot result, a. . 
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of Pacific fralkewa poica in good agraaoarr wlij 
Kocsno-F.arlv tfligoccnu nalsomagnst le dale. Oas « 
theao seamount a has e *"Ar-* R Ar total fuaioe 

age of H Ha. All of ihu apparently loean« > '»ol<J"|“ 
ocrur In il,u cuntral l.lnu lalanda between ("I «a» 1 • 
Combluud with gaol ogle nnd gsochronologlr e»Us"M 1(1 
Tciinry vnlcsnien in the Lino Islands, thsae 
BugRuaL that a wlrioaprunrt Koeere-Earlv OllgoifM 
volcanic uvom orrurrud in the chain arratehlm ir« 
15’N to 9’S, Although thu avallabls Tertiary ■)«!* 
does uni haw aurficii-nl rcaolulinn 10 dattet 0 i|’ 
prog [mb 9 1 on , It la anggaaioH [hat the SoCIII'I 1 ’ 1 ! 
Ollgocanc volcanic event was approx Inertly »y»fhi J ^ 
throughout the chain and coincident with Ih* '*“** 
plain suit I op rncordail by tl,o bond in iho.livili*""^^ 
bmp or or saauouni chain. It Is hypolhailard lh« 1 
ebangu In Intra-plate atrua* accompany In* ihi rt ,n l* 

In plaiu mul inn may Imve nil lad apart a ion* « 
wanknoea cauaod by the original Crotaesoui far“l 
of the Lino lalanda to allow tha occurrence of 1 
Epcane-ol lgocenr volcnnlim, (Plita tottonlti, I" 
igaamagnei lam and paloomagnai Ian), volcanology!- 

J. Oeopliye. Bee, , B, Paper 4B0905 
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THE EMPIRICAL iOF-DEPTH RELATION AND DFPTB WW"- 1 " 

IE T1IE PACIFIC 0CBAH BASIN 

WIlllaiD Sohroader (Conooo, Ino., Oaa Lake*i*v n»<« 
Center, 3817 HU Expraumy, Oklehcmi City, « « 

This paper presents a now ago-depth 
ocnprehsnslve depth anonaly Bap for th" . for 

Age, depth, and sediment thioknws i»r* * T *'" S ^_ 
oaoh l‘il' aroa. Pntliynotry u“ 0(PP 'I ,!Lml 
laastatln of fee to due to ead inant and wr!»f 1 
tar tho variation or Bound velocity in k j* 

exist Inc «e axtraos dlatspoa fron hot *F at i ‘V,!Ltal 
found to be ansnaloualy deep. Hot epoU •* r * [M4 

as bherkial ancoallea, and data within BOP *" ,,-g, 

wars slli'inaLed from further analysle. »" ^ 

equation uaa deterolnod by fit tins s UM> ’ gi 
to tha remelnlog data. The roiu3tlH n 

distribution confirms tbs linear dapandenoo w 

/age up to BO Ha. AIL older aeafloor la wltW" ^ 
of hot spots or hot spot t ranks and !• 8 "' ... ■ 
pradioted . This m f Jattoniim" Of ih» ■8“"“" w, fit 

dlatrlhutlon raqulree that a separate fnj 4 
to data older thin So Ha. As a reeult, 
represent Ins tha deepest seafloor (older 
ware oalaoted for ourve nttina, ■«> tk Vj*T!j 
distribution was approx lmatsd by an W*" Mew as I 1 * 
funotion. It la lapoaelble Lo di8tififiUJ»h 
Infinite half spaoa and oooUng P»‘* ■®’“ he Mint 
llthopshera using the see-depth (! * ta , 

Doe an, A depth aiwnaly msp prepare by 
observed depth with the depth prpdiotid M 
b£« - depth f omul a shows aevertl “v‘f r T°“7VT i pdj» ** 
features, Including "walls over the Lou m moui**- 
the South paolflo and lo iheilhiir « r ““ 

(Seafloor subaldense, aaO-dspth)'. 

J. Caophya. Baa. , 0, Paper 4M513. 

ElBQ Lni Lrumenla and TeahnlqueJ . p^JLTS *** 

THE DETERMINATION OF 9TRE83 FHOU 5 UP DATA. . ■ 

FOLDS ahedol S*^*®* 1 

Andrew J. Michael < Department 8* (hwphysw. 
University, Stanford. CallfornlB, MM5) -u-MaddS *** “ 
A new lauhnlque la dorlvedlto invorl *“* fbU 
lie sLreix 'field that Doused Urn teMlUny 
Sion It ilmpUflsd by the amiunpUon Lbri ik*U^ ■ 

lanisnUal LraoUon on Lba tarloui , fagiUnl 

rupture, U similar. Study Of 

show. Lhai the lnvortlon dertvnd ■' Ul jjm did n** — 

resets that closely match older JP**SSaofi 

aluda; the aasumpUon. Hence the •“J dl "^ p | f Irtilj* 

• end le showp lo be luillfied by. *_ . J .*lend^ fiw 

teflon. Application of; sUn deli J. i au H> I" 

. faul l Ing rrfglrast, lo lha sUp W bu^rUu* JP vUh^ 

regime*. " Comparison of thd iTWWlMj Sg 0*?^ 
geomoVry of tho folds shows lw * "5^“ V e iT Ihel « rt 
(rwsUv Inure Ming thm number hw". . 

!« find tbm jjoJeoalrslI field. .(Ulhwph , t . 

[faulting, folding) . ; *i • 

t J, Qsophya. Me. , », • P»W|i ** 09 ® k ' ‘ i. - .j. 





On the Evolution in 
History of the Concept 
of the Auroral Oval 

Asgeir Brekke 

The Auroral Observatory. University of Tromsa 
Tromsp, Norway ' 

Il i, shown in this review ,I». ,he concept of auroral arcs forming one or more 
comp ete nng, encn chng the polar cap was very well aecepced in the IS.h centu- 
ry. This idea was elaborated further throughout the 19Ul century but then disap- 
peared from the scenufic scene for almost 80 years owing to the promotion of 
the auroral zone as a better frame of reference in auroral research. It is pointed 
out that the auroral zone was a dead end more influenced by the prevailing ideas 
of the last century than a product of profound physical reasoning Finally the 
importance of htstoneal reviews in the field of science is stressed to learn to ap- 
preetate the often well-developed idea, of our predecessor, and thereby avoid 
long periods of wandering in darkness, as had happened in the auroral zone 


Introduction 

It has often been stated that one of the 

S reatest achievements during IGV was the 
iscovery of the auroral belt by Feldstein 
\Ftldslein, 1963, 19640,6, 1967]. Feld steins re- 
sults showed that the aurora at any instant is 
disuibuted in an oval zone around the polar 
cap, a zone that contracts and expands ac- 
cording to the overall level of disturbance in 
the earth's magnetosphere. However, since 
satellite cameras came fully into play in auro- 
ral research, it has been shown that this belt 
or auroral oval, as it is usually called, is close 
to being a circle with its center very near the 
geomagnetic pole [ Hohworth and Meng, 

1975]. Furthermore, Holzwonh and Meng 
showed that the inner radius of this circular 
bell increased very regularly with the size of 
the southward component of the inter plane- 
tary magnetic field (IMF). 

In this article we will look back on the past 
history of auroral research and show how the 
concept of this auroral oval or auroral ring 
has developed from the beginning nf the 
loth century until today. 

Ideas of F. C. Majer 
in St. Petersburg 

One of Lhe first scientists lo think about the 
auroral forms being a part of a large auroral 
ring encircling the polar cap was F. C. Majer 
when in 1728 he described a me tlx id for 
measuring auroral height from one obsci va- 
twn site only [Majer, 1 728; Kraft, 764]. He as- 
su " 1 «i l hal the auroral arcs formed a ring 
which had its center on the earth's rotation 
axis and surrounded the polar cap at a con- 
stant height. He then explained how to calcu- 
late this height by measuring the aspect an- 
gles to the crescent of the arc in the sky and 
to the points where the arc disappeared be- 


hind the horizon. Figure 1 reproduces typical 
drawings from the first half of die 18th cen- 
tury .clearly indicating the concept that auro- 
ral arcs were believed to be segments of larg- 
er circles [Raimis, ]745]. 

In a review from the last part of the 18th 
century, Bergman [1764] surveyed seven auro- 
ral arc observations, made by different ob- 
servers. which he used to determine the auro- 
ral height according to Majer's method. His 
results varied between 200 and 1610 km. wills 
an average height of 697 km. He further 
compared these measurements with 22 auro- 
ral height estimates derived by iriangulations 
or based on simultaneous observations or the 
elevation angles of auroral arcs from two sep- 
arate places, a method probably first intro- 
duced by de Matron [1733], From this last and 
in theory more exact method, Bergman ob- 
tained heights between 500 and 1400 km, 
with an average of' 793 km. Although these 
heights were much ion high, these estimates 
were in reasonably good agreement, when 
the large uncertainties are taken into account, 
and represented strong support lor the idea 
that a u rural arcs were pm is of h complete lu- 
minous ring- Bergman, however, noticed dial 
(he ciesceiu or some annu al arcs showed a 
nonzero declination from the meridional 
plane, which was in contradiction In Majer's 
assumption ol the auroral ring having its cen- 
ter on the earth's rotation axis. Bergman did 
not take this into account in his calculations, 
which ilien could account for some of the dis- 
crepjiH'ics lioiiiL-d. I lie micci'l.i miles of the 
earth's radius was another factor contributing 
to different values. He, however, did not pur- 
sue this question any further. 

Simultaneous Observations 

Before Bergman [[764] made his calcula- 
tions, however, Wargenlin [ 1 752] published a 
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paper where he brought in another strong 
evidence for the auroral arcs being part nT a 
continuous circumpolar ring. 

In 1747 Per Kalm, a newly appointed 
Swedish professor in economy, who earlier 
used to be an assistant of the famous bmanisL 
Carl Linnj}, went to North America on a 
study tour that lasted for 4 years. His main 
purpose or the tour was to collect special 
types of seed, typical for the high latitude re- 
giorn oT North America, and bring them back 
to Scandinavia. Kalm, however, also gathered 
notes of auroral observations, some of which 
he received from Benjamin Franklin and 
some he made personally (such as in Philadel- 

fc°r.. F f bruary 16 and A P ril 3 and 19 in 
1750) [Kalm. 1752]. These observations were 
later studied by Wargmlin [1752], who discov- 
ered that they were observed simultaneously 
with similar observations in Scandinavia. This 
led Wargemin to the following reasoning: 
This shows that the northern light is spread 
around the earth's northern apsis, and the lu- 
minous arc which use lo be situated in the 
north with its terminators at the eastern and 
western horizons, appears to be a circle or a 
ring in the air that encircles the earth's north- 
ern pole. This ring, which nevertheless is of- 
ten fragmentary and in many ways tortous, is 
sometimes wider and more stretched, such 
that we once in a while can see the arc climb- 
ing towards our zenith and passing south- 
wards." 

Later in this dissertation, Wargentin [1752] 
indicates where the central axis of this ring 
may lie situated: "The before- mentioned nng 
is not at all centered at the pole, but around a 
point which, at least in Europe in our time, is 
shunted 10° or 20° to the west nf true north, 
which is the reason why the crescent of the 
arc is generally situated to the NNW." 

There is not imicli difference between this 
more than 200 year old description of the au- 
roral ring anil similar descriptions of move- 
ments of the auroral oval in modern litera- 
ture. The difference is mainly that Wargentin 
was not able to sec iliese movements in rela- 
tion to the variations in geomagnetic activity. 

The Auroral Ring 

The Lonccpt of the nmor.il ring prevailed 
throughout the I Kill century and was again 
mentioned in u dei.iiled dissertation hv Jeucn- 
Sclia r,ieboll\ 1763|. fie honored the work dune 
by the Swedish group concerning die auroral 
circle hut also quest ii met I die reality nf this 
concept as he pt timed at difficulties in prov- 
ing its existence. He in particular mentioned 
the variability and flightincss of die “aururdl 
substance'' as be called it: “As it flickers in the 
east it might extinguish in the west and the 
variations .in - «• iticnilc iliai nc ,i liiiiy^ can he 
said lor certain.'' 

Because of this unsteady behavior of the 
auiora, Jesseii-SchnrdebuU maintained dial ii 
became so difficult to measure its parallax by 
means of simultaneous obervalions from two 
separate places that the height measurements 
of de Mairan for this reason were brought 
into doubt. 

From wIiaL is said above it is quite clear 
that the authors of the I8ih century had a 
fairly modern view of the global distribution 
of the auroral forms. An auroral ring form- 
ing a circular zone around the polar cap with 
its center somewhere close to the rotation axis 
and varying in size and strength was almost 
commonplace at die beginning of the 1 9th 
century. 

Hansteen Determined the 
Center of the Ring 

In 1827, Hansteen went a step forward in 
localizing the center of the auroral ring as he 
claimed that it was situated somewhere north 
of Hudson's Bay [ Hansteen, 1827], and he 
presented an illustration to his article (Figure 
2) which must be one of the first ever drawn 
of the auroral ring. This somewhat precise lo- 
calization of the "auroral pole," a term which 
NordeiukiOld [1880—1881] later coined, was of 
course related to the very extensive studies 
made by Hansteen of the earth's magnetic 
field [Hataleen, 18J9, 1825], He was able to 
show that the magnetic field was nearly verti- 
cal at a point between 71° and 72* northern 
latitude and about 99* west of Greenwich. As 
he realized that the magnetic field had a 
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as ni . ^lustrations from the thesis of J. F. Ramus [Ramttf, 1 745] showing auroral arcs 
_^T*rtular segments. . 'i r ' ' . ' 


strong guiding effect on the auroral forms, 
he assumed that diis point was the center of 
the auroral ring. He, however, also believed 
that the earth's magnetic field had four poles, 
two in the northern and two in the southern > 
hemisphere. The second pole in the northern . 
hemisphere he believed to be located some-, 
where In Siberia,- and therefore he thought . > 
another auroral ring was present there. Un- - 
der these circumstances he maintained that 
the auroral ring did not necessarily encircle 
the whole polar cap, but could actually cover 
a much smaller area. In fijet Hanstceh re- 
ported that lid had seen twice from Chrlsti- ", 
aula (Oslo) that the aurora formed almost a 
complete loop or an ellipse in the sky [ e.g.. . 
Loomis, 1866], Although Hansteen was mu- ! 
taken In his conclusion of the four jmagnelk 
pole;, there is no doubt that he contributed 
greatly to the localization of the geomagnetic 
north pole near Hudson's Bav. Furthermore, 
he made it very- conceivable thaL the magnetic 
field played dn important part in forming the 
auroral ring and that its center therefore was 
related to this pole. 




Fig. 2. An illustration from the work 
of Hansleen [1827] showing an auroral 
ring encircling the polar cap. The figure 
is used to deonioustrate how to measure 
the height of the aurora from one point 

only. 


An Auroral Ellipse 

In their report from an expedition to Boo- 
sekop in Finnmark, Norway, Lot tin, and Bra- 
ivis [1838] had maintained that the aurora] 
arcs did not form a great circle around the 
polar cap. Loomis f J866] surveyed the obser- 
vations of the French expedition io Bossekop 
and concluded that "Careful measurements 
made at five or six points of-some of the most 
remarkable arcs show that, except near the 
horizon, they may be regarded as portions of 
small circles parallel la the earth’s surface. 
Near the horizon there is sometimes a sensi- 
ble deviation from this circular form, and the 
appearance is sometimes that of a portion of 
an ellipse, the extremities of ihe arc being 
bent inward." 

One of the most extensive height measure- 
ments of the aurora based on the concept of 
the auroral t ing was curried through by 
Fearaley 11859]. Ik- based bis concept nf the 
auroral ring on the following reasoning: 

“One nut iced that the regular arc which can 
often be seen (in our district) in the north, 
more seldom in the south,. . .had iis upper- 
most point in the magnetic meridian which in 
fact divides the arc into equal halves." 

F ii sin these circumstances, he reached die 
following conclusion "that an arc of the 
northern light is limited by the horizon but 
forms a part of a complete illuminated ring 
which at wine height above the earth surface 
encircles the magnetic pule as it cuts the mag- 
netic meridian ui a right angle everywhere 
and follows the magnetic parallel .iLLcn iling- 
Iv." 

Feamley [ made .iliugeriier 21 height 
measurement* of an rural arcs observed from 
Christiania (Osluj and arrived at .in average 
height of 2U7 km. According Lu Fcarnlev's 
theory, the center of the ring was not a need- 
ed parameter in his formula, but, on the nth- 
er hand, a good knowledge ul the earth s ra- 
dius and the magnetic declination .it the site 
of observation was cm cut I. 

The Pole of the 
Northern Light 

■Mordenskiold, who was the first ever to 
travel through ihe north-east passage by the 
vessel Vega, made, rogeiher tviih his assistants, 
many observations of the aurora. In his ac- 
counts of the voyage of Vega, he also includ- 
ed a chapter devoted to this phenomenon 
which he illustrated with some drawings of 
peculiar auroral forms being very regular 
segments of a circle. He gave the following 
comments to this circular shape: . .the com- 

mon arc as it soon became called onboard the 
ship, changed so very lkde in position and 
was so regular in its form that one inevitably 
was led to believe that it belonged to a steady 
or almost steady ring of light situated in the 
upper part or the atmosphere." [S'orrlenskiald. 
1880-1881}. He further expanded on this 
conception or an auroral circle {Nygren and Si- 
Un, 1982]: "Our earth globe is even during 
the yean or auroral minimum crowned by a 
continuous single, double, or muldple circle 
of light with its lower edge lying about 200 
km— that is, about 0.03 earth's radii-— above 
the surface or the earth and with its center, 
the auroral pole, being located slightly below 
the earth's surface, somewhat to the north of 
the magnetic pole. The circle, being 2000 km 
or 0.3 earth's radii of its diameter, u directed 
perpendicular to the earth’s radius passing 
through its center. ) have given this circle of 
light the name auroral glory, since both its 
shape and outlook resemble the glory sur- 
rounding a saint's head. The light of this halo 
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Asgeir Brekke tuns 
bom in 1942 in Notiaay. 
He received hh wasters in 



1969 from ihe Ut\tvenitj ■ 
of Oslo. Hr received his 
Ph.D. in 1974 from Ihe 
University of Trows*. He 
was ii research assistant at 
the Auroral Observatory, 

■ Tramp, from 1969 la - 

1972 and 1974 to 1976 

and was a research assistanl di the University of 
California, San Diego from 1972 ta 1974 . He 
was assistant professor at the University of Trams* 
since 1 976. He has published more than 60 arti- 
cles about the. aurora add related problems, and 
has coaulhored a book' on auroral history. His main 
interest is ininepherent studies of the auroral ionc- 
sphere and science histeny. 


i 5.1/1! 

< 'Ii4 


I i ; u 
: r-Vi 

ill 










.si ?.ir. 


H:!:: • 


i - • i •. 
I . . •!' •• 




:.i •• 

• i ' 


. ! ! l ^ 


H*- «.i 

r « 


r. ii i J ■: 

• i i . 1 -j 


: : !; : - 

! ! 1 


1.1 "'i 


* ; ; r • 
i : • 





-A 






: r tv v: 


||||}||; 


-’i.-.-U 


Article (coni, from p, 703) 


never radiates, hut it is more like a light seen 
through a piece of ground glass. When the 
auroras arc in ten sited, the sue of the auroral 
glory becomes variable: then double or multi' 
pic arcs with a common center arc formed. 
Quite seldom, crossing arcs may be seen." 

Nordeiiskifllil’s drawing of this auroral cir- 
cle, which is reproduced in Figure 3 of A'j- 
gren and SiUn [1082], shows h very regular 
zone centered somewhere in the northern 
part of Greenland and surrounding the polar 
region. 

As NordcnskiOld used Major's method to 
derive the height of the auroral arcs, it was 
important for him to find the center of the 
circle. His reasoning when searching for this 
center then was as follows [Nordnskitild, 
1880-1881]: "But because of the relationship 
which has been known to exist between the 
northern light and the magnetism ever since 


the days of Celsii and Hiortcr, and especially 
because of the fact that the crescent of the 


because of the fact that the crescent of the 
auroral arcs always and everywhere is situat- 
ed close to the magnetic meridian, it is clear 
that one has to search for the center of the 
auroral glory in the neighborhood of the 
magnetic pole." 

To determine this auroral pole more exact- 
ly, he took advantage of the theory or Gauss, 
and according to this the geomagnetic pole 
was located at 73“2I’N latitude and 93°56’W 
longitude [Emum and Petersen, 1874]. 

From this short summary or Nordens- 
kiUld's work it is quite evident that he had a 
conception of an auroral ring being very sim- 
ilar to the auroral uval introduced to geo- 


physics iu the 1%0‘s [Feidstein, 1903, I064«, 
el and almost identical to t he circular zone 


o| and almost identical to the circular zone 
derived by Hahxeotik and At eng [1975] for the 
instantaneous distribution of the aurora 
around the polar cap. 

Almost contemporary to the work of Nor- 
denskibld ( IH80-I8H1] was the work of Trout- 
holt [1885]. Tromhalt also discussed the auro- 
ral ring and made an illustration (figure 3), 
which clearly demonstrated why this ring of- 
ten was called the "auroral glory.” He also 
pointed out that this ring could move north 
or south and that this motion in aumc respect 
was related to variations in the solar sunspot 
cycle and the geomagnetic activity, an iden lie 
hail obtained from the work by Weyprecht. 
the great inspirator of the First international 
Polar Year [r^y., Tromhalt, 1885]. Troniholt 
also, however, indicated that individual auro- 
ral forms could be parts of different rings 
centered at slightly different points along the 
geomagnetic axis [TnahaU, 18851. 


Birkeland Demonstrated the 
Auroral Ring 



Fig. i. The auroral ring or auroral 
glory as illustrated by Tromhoh [1885]. 


lion between the polar ring and an observing 
site would change accordingly. 

Furthermore, he also demonstrated that 
the size of the polar ring would vary with the 
intensity of the discharge current producing 
the cathode rays and thereby made it proba- 
ble that the polar ring in the natural case 
would react according to the outside geomag- 
netic disturbance. Any better experimental 
evidence for the existence of the auroral ring 
could hardly be presented at the beginning of 
this century. 


Discussion and Comments 


It should, from the preceding, be rather 
well documented that scientists m the middle 
of the 18th century (tad a fairly precise con- 
ception of the auroral arcs forming an instan- 
taneous continuous luminous ring encircling 


the polar cap in the sky. Furthermore, it has 
been shown that this idea was elaborated on 


been shown that this idea was elaborated on 
throughout the 19th century and that the au- 
roral ring notion was a widely accepted inter- 
pretation of individual auroral observations. 

Who should become the originator of the 
auroral ring conception is, however, difficult 
to settle; certainly it is neither Carlheim-Gyl- 
lenskibld as proposed by Afvin [1907] nor 


NordcnskiOid or Tromhoh as proposed by 
Nygren andSil/n [1982]. The idea has evolved 


through centuries, as often is the case in geo- 


physical science, in a combination of specula- 
tion and intuition to be substantiated finally 


tion and intuition to be substantiated finally 
by modern observations and deductions. 
This concept of the auroral ring seems to 


have disappeared from the consciousness of 
the auroral researchers with the beginning a 


the auroral researchers with the beginning of 
the I0t!i century. The reason for this, obvi- 
ously, must be sought in the success of the in- 
troduction of the auroral zone especially con- 
ducted by the works of Loomu [1866] and 
FriU [1881], The auroral zone was indeed a 


phantom of the prevailing spirit of the lime, 
being dominated bv collections of long data 


being dominated by collections of long data 
series nnd relatively simple statistical treat- 


ments of large data bases. Less importance 
was attached to the event studies inai had 


dominated the Scandinavian school for more 
than ISO years. One can understand the dif- 
ferent ways in attacking the problems of au- 
roral research among Scandinavians and oth- 
er Europeans- The Scandinavians were actu- 
ally observing the phenomenon from event to 
event, while the other Europeans were forced 
to study it from annals and re|>oris handed 
over to (hem by others. For the Scandina- 
vians, therefore, it was more natural to seek a 


physical understanding of auroral events 
rather than to describe marnhologicallv t! 


Tu demonstrate his auroral theories, flirAr- 
land[ 1901, 1913] produced by his famous 
terrella experiment luminous bands around 
the poles of a magnetized sphere susjiended 
in a vacuum chamber in (he laboratory (Fig- 
ure 4). These hands when scaled properly re- 
minded Birkeland in their behavior and 
structure very much of the naturally occur- 
ring auroral forms, lie also showed that the 
position of the luminous ring, which he called 
the polar ring, changed by varying the mag- 
netization of the terrella or by moving the 
magnetic pole with respect to the direction of 
the stream of cathode rays used to produce 
the luminosity. Based on the analogy with the 
natural situation, he then maintained that 
since the earth's rotation axis and the mag- 
netic axis of the globe are not aligned, the 
earth would route underneath the polar ring 
in the course of a day, and the relative posi- 


rntlter than to describe morphologically the 
global and animal distribution or the phe- 
nomenon. 

Of course, scientists outside Scandinavia 
had attnined great success with their compre- 
hensive statistical analysis in establishing the 
solar cycle and the secular geomagentic varia- 
tions, an analysis method that also later be- 
came a decisive factor in the manifestation of 


the dynamo theory. The aurora was in these 
days largely discussed as an ootical nhenome 


days largely discussed as an optical phenome- 
non and, as such, as belonging to the earth's 
atmosphere. An auroral zone, therefore, in 
many ways reminded [reople of the climatic 
zones and brought the aurora into a frame of 
reference that satisfied the common sense. 
This analogy to the climatic zones, however, 
was based on a rather vague understanding 
of the fundamental came of the aurora and 
overlooked the most predominant properties 
of the phenomenon; namely, its very irregu- 
lar behavior and variability. 

In hindsight, the auroral scientists had an 
excellent chance to confirm the concept of 
the auroral ring by analyzing simultaneous 
aurora] observations obtained at the many 
polar stations operating during the First In- 
ternational Polar Year (1882-1883). Instead 
of accomplishing a coord i native analysis of 
the different data sets, however, the scientists 
wrote monumental national reports of their 
achievements in the polar region. This 
unique chance brought to the scene of sci- 
ence by the ingenious idea oF Weyprecht was 
frittered away by national prestige and pro- 
fessional pride. One of the few ever to use 
auroral data from the First International Po- 
lar Year for case studies was Birkeland [flirfcc- 
land, 1901]. From these analyses he basically 
substantiated his theory of the horizontal au- 


roral current in the upoer atmosphere being 
part of n large current loop closing into snaci 



Fig, 4. A picture of some of the many polar rings as produced by Bi'rAdond (1913] with 
His terrella experiment. ' 


Dynamics 


"Dynamics!'' site said, us she buried her head 
deep in a book on tectonics. 

"Must be the key to explain what we see 
the ignorance of which seems to tic chronic. 1 


Convection bclotv, then deiisityllow 
and phase changes are not withstanding; 
Thermal gradient change and compositional range 
are things our minds should be commanding. 


With knowledge like this, we could easily kiss 
off outrageous, absurd speculations 
On the causes of motions that open the oceans 
that lead us to wrong cogitations. 


The continents move! This lias been proved. 

kinematics in detail has been studied; 

But the structural state or each moving plate 
leaves the waters less dear and more muddied. 


Readers are coddled by successive models 
that ignore basic physical laws. 

The autnors expound, but no proof can be found 
that they've done more than just wave their daws. 


If it's mechanically "go." then why can't they show 
by making same astute assumptions 
That the heat is enough or the surface too rough 
to cause oceanic consumptions. 


I agree with the fact, on the mantle we lack 
specifics; but we can at least try 
For a sensible stance, a physio-chemical glance 
at the models before we throw pies. 


We don’t know the score, in the mantle or core 
cry so many, but let us give pause ■ . . 

Regardless ol likes; Isacks, Oliver and Sykes; 
Treatment's not through the symptoms, but cause! 


Barbara Ransom 
Department of Geology and Geophysics 
University of California 
Berkeley, Calif. 


This was written during the author’s first course in 
plate tectonics and may sum up one's first exposure 
to literature. 


enormous collections of magnetometer re- 
cordings and completely forgotten for several 
decades. In a sense, the fate of the aurora] 
ring concept and Birkcland'a theory have 
some similarities. They both represented two 
very promising ways of attacking important 
physical problems in auroral research, and 
they were both based on relatively sound 
physical insight into these phenomena; how- 
ever, they both were dispelled from the scien- 
tific scene for many decades and called to 
mind again in the 1960’s. 

There is little doubt that in auroral re- 
search die idea of an auroral zone was a dead 
end and that the auroral ring or circle was a 
far more realistic concept in understanding 
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Birkeland, K„ The Norwegian Aurora Polaru 
Expedition 1902-03, If, H. Aschehough. 
Christiania, 1913. 


Brekkc, A., and A. Egcland, Nordlyset, Fra 
Mytologi Til Homforskmng, GrOndahl, Oslo, 


the auroral distribution. The physical advan 
tage of the auroral ring or belt, as Feidstein 


part of n large current loop dosing into space 
along the magnetic lines force. His work was 
set aside by defenders of statistical analysis of 


[1967] called it, was also pointed out by him 
in the following way: 'The auroral belt has 
thus a more definite physical sense, as it indi- 
cates an exact location of the phenomenon 
under consideration,"' 

That the old idea or an auroral ring was 
very much on the right track may be best 
demonstrated when comparing the illustra- 
tion of the auroral ring made by Nordens- 
kiftld in 1880-1881 (see Figure 3 of Nygren 
and Siltn [1982]) with the more up to date il- 
lustration of the auroral oval made by Holz- 
wonh and Meng in 1975. Holzworlh and Meng 
[1975] pointed out that the inner and outer 
contours or the auroral oval as observed by 
optical cameras in satellites would be well fit- 
ted to circles with their centra slightly dis- 
placed front the corrected geomagnetic pole 
and that these centra moved slightly anti the 
radii of the rings increased when the geo- 
magnetic activity increased. This conclusion is 
indeed very similar to the descriptions of 
Tromhalt [1885] made 90 years earlier. 
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Conclusion 


We have during the last Few years seen a 
growing interest Tor historical work in the 
field of geophysics and especially within auro- 


nil physics [flrfAA* and Emland, 1979, 1983; 
Eather, 1980]. To make these historical re- 
views complete and to be sure that one has 
exerted justice to every past or present scien- 
tist is, of course, Insurmountable and is not 
the mam purpose or these doings. If, howev- 
er, we from such historical reviews can learn 
to respect the work of the predecessors on 
our field in the light of the much less devel- 
oped scientific milieu they were working in. ' 1 
we hope that the future can avoid entering 
traveling such an impassable road as the au- , 

thoughts 6 and l0S,n ^ de ^ Bd ‘ ?s progressive, 
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Cover, The system shown in the photo- 
graph is a digital heat flow instrument 
package used by K. E, Louden of the De- 
partment of Oceanography at Dalliousie 
University. This system allows for in situ 
measurement of geothermal gradients and 
wdiment thermal conductivity. The 
weight stand at the top of the picture 
houses two pressure vessels containing the 
electronics. A microprocessor controls the 
measurement, recording, and telemeter- 
wg of the temperature data. A 12-kHz 
ptnger transmits the temperature data to 
ihe surface for a real-time representation 
of the process. The 4-m-]ong sensor string 
encased in an oil-filled 5/16-tnch stainless 
steel tube runs along the strength member 
on the left-hand side. The sensor string 
consuls of nine equally spaced thermistors 
and a heater wire. The violin bow-style at- 
tachmeni of the string is to reduce the 
effective thermal disturbance by the pene- 
iratjon of the strength member into the 
sediments. This package is designed for 
multiple penetration probing, where the 
probe is pogoed along the bottom, allow- 
ing For up to 20 stations per lowering, 
i he electronics were designed and built 
w Dalhousle by Bullard Laboratories at 
wnjbrtdge, U.K. (This photo was contrib-. 
nted by D, Hebert, Department of Ocean- 
graphy, Dalhous]e University, Halifax,, 
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Satellite Congestion 

At last count, there were more than 160 
satellites in geostationary orbits, circling the 
earth at an aldlude of 37,000 km. and ac- 
cording to a research review published re- 
cently by the Rand Corporation, that's al- 
ready too crowded. The risk or physical colli- 
sions among satellites is small, say authors 
Alvin L. Hicbert and William Soflfrey, but 
there is an emerging problem with what they 
call "spectral and orbital congestion, " the re- 
sult of loo many satellites and ground stations 
sending out too many electromagnetic signals 
that ran interfere with one another. 

The report comes at a time when the Fed- 
eral Communications Commission is planning 
to reduce the spacing between satellites along 
the IJ.S. segment of the orbital arc so that 37 
additional satellites can be squeezed into the 
high orbit favored for telecommunications. 
"As more satellites ate launched and others 
are shifted to avoid collisions, interference 
problems will get more complicated," say the 
authors of the report. 

The problem of satellite transmission inter- 
ference is analagons to the effect of passing a 
radio broadcast tower while driving in your 
car. Even though your receiver is tuned to 
another frequency, the nearby transmitter 
can interfere with your signal. For commcr- 
rjal telecommunications satellites constantly 
circling the earth and drifting around within 
their prescribed orbits, signal interference is a 
nuisance. For military data satellites, it could 
be a danger. And proximity is not the only 
possible cause of interference. A satellite ur 
ground station can even interfere with itself 
if a malfunction in its electronics causes a sig- 
nal to travel from one spacecraft component 
to another. 

Fortunately, someone has been trying to 
solve, or at least to get an analytical handle 
on the problem. In the past several years en- 
gineers working in the private sector, the 
government, and the military have developed 
more than 2U different computer programs 
designed to solve problems of "electromag- 
netic compatibility." ami the main purpose of 
tiie Rand authors was to list and describe all 
these "Techniques for the Analysis of Spec- 
tral and Orbital Congestion in Space Sys- 
tems," which is, incidentally, the title of their 
report. These specialized computer programs 
are designed to help groups planning to 
launch satellites by telling them what kinds of 
intci irrciii c problem, tlu.% i.m ii.iv.ni.tM' 
expect to eucouiuei in geosynchronous orbit. 
Hiebert and Solifrcy’s report also deals with 
the vulnerability of satellites to various kinds 
or manmade and natural interferences, from 
deliberate jamming efforts to the blackouts 
that could be caused by nuclear explosions in 
space. 

As a result of the Rand report, the Air 
Force Space Division has formed several of- 
fices to make use of the techniques far ana- 
lyzing the effects of orbital crowding, and is 
using the information to prepare for the 
World Administrative Radio Conference in 
1985. Sponsored by the International Tele- 
communications Union, an agency of the 
United Nations that allocates worldwide radio 
frequencies, this conference will be a compre- 
hensive discussion of geostationary orbital po- 
sitions and other space communications is- 
sues. In nddidon, the Department of Defense 
has begun compiling a data base on space 
and earth electromagnetic environments at its 
Electromagnetic CompambHity Analysis Cen- 
ter (ECAC) in Annapolis, Md„ in the hope 
that computerized analytical tools might help 
to alleviate the problems of satellite conges- 


Award Honors 
Duggal 

Shakti P. Duggal, a widely respected mem- 
ber of die international cosintc ray communi- 
ty, was a member of the scientific staff of the 
Bartol Research Foundation for 22 years pri- 
or to his untimely death in 1982 at the age of 
50. In his memory ap award has been estab- 
lished by his colleagues and friends to honor 
outstanding work by a young scientist in the 
field of cosmic ray physics. The first biennial 
award, consisting of $1,000 and a plaque, will 
be presented at the 19th International Cos- 
mic Ray Conference (ICRC), to be held in La 
folia, Calif., August 10-24, 1985. 

The intent of this award is to inspre young, 
cosmic ray scientists at an early stage of their 
rareers. The recipient will not have attained 
the adje of 36 on January 1 of the year of the 
ICRC at which the award Will be presented. 
Subied to this limitation, any person rrom . 
anywhere In the world who has contributed 
. to the .field of cosmic ray phys.es is eligible 
for consideration. Selection of thepn« win- 
ner will be made by an international commit- 
tee consisting of John Simeon. University of 
Chicago; Peter Fowler, University of BJwl, 
Michelle Casse, Center for Nuclear Studies. 
Saday; France; Arnold Wolfendaie, Universl- 
w of Durham;,, and Martin pomerantz, Bartol 


Research Foundation, University or Dela- 
ware. 

Nominations of potential recipients are 
now being solicited. Nominators arc request- 
ed to send to the committee secretariat at the 
Bartol Research Foundation their nominee’s 
vita and publication list, a supporting letter, 
and, if possible, copies of one or two of the 
candidate's most significant publications. The 
sponsor may also wish to ask one or two co- 
sponsors to send letters supporting the nomi- 
nation to the secretariat. 

Nominations, which should reach the secre- 
tariat before December 15, 1984, may bead- 
dressed as follows: Duggal Award Commit- 
tee, Bartol Research Foundation of the 
Franklin Institute, University of Delaware, 
Newark, DE 19716. 

Recent Ph.D.’s 

Eos periodically lists information on recent- 
ly accepted doctoral dissertations in the disci- 
plines of geophysics. Faculty members are in- 
vited to submit the following information, on 
institution letterhead, above the signature of 
the faculty advisor or department chairman: 

(1) the dissertation title, 

(2) author's name, 

(3) name or the degree-granting depart- 
ment and institution, 

(4) faculty advisor, 

(51 month and year degree was awarded. 

If possible, include the current address and 
telephone number of the degree recipient 
(this information will not lie published). 

Dissertations with order numbers, and 
many of the others listed, are available lroin 
University Microfilms International. Disserta- 
tion Copies, P.O. Box 1764, Ann Arbor, Ml 
48106. 

An Examination of the Vat lability of Migratory 
Timing Statistics Estimated from Catch and Effort 
Obserwltons, A. J. film. Dept, of Oceuitugr., 
Old Domitiiun Univ., May 1984. 

An foimstnsoti Foretasting System for Commer- 
cial Marine Fisheries, E.J. Barth. Dept. t»f 
Ocemtugr.. Old Duiiiinion Univ.. May 1984. 

Apparent Polar Wander Paths fi» the North 
and South China Block. i, J. Liu, Dept, nf Gunl. 
Sci, Univ. of Calif., Santa Uarturu, Spring 
1984. 

Aquatic Geochemistry of the Particle-Hem live 
Radionnchdis tie-7, f‘o-210. and Pb-210, J. F. 
Todd, Dept, of Oceanugr., Old Dominion 
Univ.. Mav 1984. 

Atf«'V»<i 'hid l‘lr,!.n>, m ,,f th , Itiplngtaptinu 

tGruptoluiileut, C. E- Mitchell, Dept, uf Geol. 
Sci., Harvard Univ. (S. J. Gould), November 
1983. 

Characterization and Stability of Phase A, A 
Hydrous Pressure-Dependent Phase in the System 
MgO-SiOi-JhO, A. I. BenimofT, Dept, of 
Appl. Sci., Coll, of Staten fsl. (C. B. Sclar), 
October 1984. 

Deposition al Modeling of Tetrahedrite in the 
Ctwitr rf'Afniv District, Idaho. C. J. Hackbarth, 
Dept, of Geol. Sci., Harvard Univ. (U. Peter- 
sen), June 1984. 

Deteminanls for the Timing of Escapement from 
the Sockeye Salmon Fishery, Copper River, Alaska: 
A Simulation Model, H. A. Schaller, Dept, of 
Oceanogr., Old Dominion Univ., May 1984. 

Determination of Crustal and Upper Mantle 
Structure /row Analysis af Broadband Teleseismic 
P-Wavefoms, T. J. Owens, Dept, of Geol. and 
Geophys., Univ. of Utah, August 1984. 

Excitation of Law-Frequency Plasma Warn by a 
Conducting, Tethered Satellite, G, E- Rasmussen, 


Dept, of Phys., Utah Slate Univ. (P. M. 

Banks), August 19A4. 

Evolution of Diversity in an Adaptive Mosaic, 

T. D. Walker, Dept, of Geol. Set., Univ. of 
Gnlif., Santa Barbara, .Spring 1984. 

Genesis of the Tnngstea-Base Metal Ores at San 
Cristobal, Peru, A. R. Campbell, Dept., of Geol. 
Sci.. Harvard Univ. (U. Petersen), November 

1983. 

Geochemistry of Fluids in the Cerro Colorado, 
Parp/tyty Copper Deposit, Panama, M. V. Rayn- 
olds. Dept, of Geol. Sci.. Harvard Univ. (U. 
Petersen), November 1983. 

Ceostrophie Transport iu the Warm Water 
Sphere of the Eastern Sufetro/>i«ri North Affantir 
(in German), L. Stramma, Inst, fdr Mecrcs- 
kunde, Univ. Kiel (G. Siedler). Fed. Rcpub. 
of Germ., 1984. 

Integrated Stratigraphy of Turbidite Deposits 
and the Reconstniction of the Late Cretaceous Pa- 
Itogeography of the Vizcaino Basin, Baja Califor- 
nia, Mexico, D. L. Patterson, Dept, of Geol. 
Sci., Univ. of Calif., Santa Barbara, Winter 

1984. 

Investigation af Methods for the Comparison of 
Timing Behavior with Application to the Pink 
Salmon Fisheries of P since William Souml, Alas- 
ka, L. J. Rugolo, Dept, of Oceanugr., Old Do- 
minion Univ., May 1984. 

Kexeeeunwan Volcanic Rocks of the Grandview- 
Mining Aren, Nmthuvstetn HWomiu. II. M. Ali, 
Dept, uf Geol. and Geophys., Univ. of VVi&c.- 
Maclison (<’. Craddock). December 1982. 

Microfraclure Growth During Ike High 'Tem- 
perature Creep of Penvditite in the Presence of 
CO 2 . M. R. Rove tut, Sell, uf Oceanogr.. Univ. 
uf Wash.,.] tine I9H4. 

Nature and Origin of Refractory Inclusions in 
the Minnie Meteorite, A.S. Kotnacki, Dept, of 
Gcoi. Sci., Harvard Univ. (J. A. Wood). 

March 1984. 

Nitrate and Ncn-Seti-Sull Sulfate Aerosols Over 
Major Regions of the World Occam: Concentra- 
tions , Sou tees, and Fluxes, Cl. L. Savoie, Rtwcu- 
sticl Sell, of Mar. and Atmos. Sti., Univ. of 
Miami (]. M. Pruspero). May 19M. 

Petrology and Dmgeiiesis of Medium-tlr/iined 
Clastic Sediments in the Hack-Arc It, urns of the 
Western Pacific, V. I. Lee. Dept. o( Geol . 

Univ. of Hi. at Urb.iii.t’Cli.iin|KiigM <S. D. 
Klein). Mav 1984. 

Petrology of Deep (.'i tofu I Keiwhtln fum the 
Eastern Snake River Plain, Idaho. D. J. Malls. 
Dept, of Geol., Rice Unis. (W. I*. Lee man). 
May 1984. 

Phytoplankton Ecology and Dynamics in the 
fames River Estuary. Virginia. US. A., f |. Fi- 
Lirrio, Dept, of Oceanogr., Old Dominion 
Univ., May 1984. 

PubtiliMg Aurora; Photometer, Riomrtrr and 
Micwpulsatirm Coil Obit natrons, G. B. Burns, 
Div. ofTheor. and Space Phvs.. La Trobc 
Unis’. (K. D. Cole), Australia, Mas 1984. 

Rainfall Temporal Patterns and Runoff at Co- 
shocton, Ohio, G. O. Chuksvunia, Agr. Eng. 
Dept., Ohio State Univ. (G. O. Schwab), 
March 1982. 

Sourer Parameters and Faulting Processes of the 
August 1959 Hebgen Lake, Montana Earthquake 
Sequence, D. I. Doser, Dept, of Geol. and 
Geophys., Univ. of Utah, June 1984. 

Stratigraphy, Tectonics, Pafeoclimatology and 
Paloegeography of Northern Basins af Brazil, M. 
V. Capuio, Dept, of Geol. Sci., Univ. of Cal- 
if., Santa Barbara, Winter 1984. 

Structure, Slrntigrnjrfiy, and Automorphism of 
the Mount Deborah Area, Central Alaska Range, 
Alaska, W. M. Brewer, Dept, of Geol. and 
Geophys,, Univ. of Wisc.-Madison (C. Crad- 
dock), December 1982, 
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Iron-Formations: Facts 
and Problems 


A. F. Trendall and R. C. Morris (Ed.). Dev. in 
Prccambrian deni., irnL 0, Elsevier, New York, 
xiv + 558 pp., 1983. 100.00. 


Reviewed by Henry Lep/t 


Thu honk is similar in formal la I’recambri - 
an Iron-Formations of the World, published in 
1973 as a special issue of Eeonomic Geology 
(vol. 68, no- 7). Both have 10 papers and be- 
gin widi descriptions of iron formations or 


iron districts followed by topical papers on 
various aspects of the iron formation prob- 


various aspects of the iron formation prob- 
lem. New Irasic data on Prccambrian iron 
hearing and associated rocks has continued m 
accumulate since 1973, and the present vol- 
ume admirably fills the need to compile this 
widespread information and to reexamine 
these enigmatic rocks in the light of new dis- 
coveries. 

Iron Formations; Facts ami Problem is almost 
twice as tong as its predecessor. Moreover, 

Lite descriptive section (00% of the book) is 
limited to five large iron districts, which pro- 
vides space for exceptionally thorough syn- 
theses. 'Hie introduction by Alex Trendall 
clarifies the purpose and scope of the bunk 
and presents a thoughtful review of mohlemi 
associated with the mnnencliiiurc and classifi- 
cation of Prccambrian iron bearing rocks. t>. 


B. Morey begins the descriptive section with a 
detailed analysis of the Aiiiniikie Basin in- 


detailed analysis of the Aiiiniikie Basin in- 
cluding its regional setting, geochronology, 
and palcneiivimniuenis. A. I'. Trendall up- 
dales and summarizes the extensive work that 
lie and others have done in the Hainmerslcy 
Basin, and A. 1). 1'. Goode, W. D. M. Hall, 
and J. A. Untiling describe the geology, struc- 
ture, and iron formations of the adjoining 
Nabbcrit Basin. The paleocnvi run mental set- 
tings of iron formations in tire Transvaal-Grt- 
gua I ai id West districts are ably covered by N. 
J. Rcukcs. G. A. Gross and I. S. Zajac present 
a thorough review or lire geology, iron for* 
mations, and deposit in mil environments in 
basins marginal to the Ungava cratun includ- 
ing the Labrador Trough. 

Nine contributions are topical. K. Davy's re* 
view of chemical compositions or iron forma- 
tions is heavily based on Hainmerslcy anal), 
ses. The rather scanty data uu rare earth ele- 
ments hi iron sediments are summarized and 
interpreted by B. J. Fijer. E. C, Perry adds 
considerable new information on oxygen iso- 
topes and discusses problems in data inter- 
pretation. M. R. Walter and H. J. Hofmann 
survey the paleontology of Prccambrian iron 
sediments and conclude lhai neither stroma- 
tolites nor convincing evidence Tor micro fos- 
sils are known for Archaean iron Tor mat inns. 
Preston Cloud reviews and modifies his mod- 
el For the genesis of banded iron formations. 
A lengthy and detailed contribution by C. 
Klein looks at the diagenesis and metamor- 
phism of iron formations in the light of new 
chemical and mineraEogical data. H. L. James 
after bravely assessing the ages and tonnages 
of major iron formations oilers explanations 
for their distribution in time and space. W. E. 


Ewers' paper on chemical factors in deposi- 
tion and diagenesis focuses on the Dales 


gangue. In spite of their textural and mineru- 
logic variability, must iron formations consist 


opmentof thb various dc positional basins. 
Their contributions on six widespread and 


Their contributions on six widespread and 
well preserved segments of early crusL thus 
represent significant contributions to Precam- 
bnari geology 


The printing and illustrations are generally 
of high quality, and there are very few er- 
rors. Chapter references are extensive, and 
the index is most mcful. This book should be 
in the libraries of all geologists interested in 
the Prccambrian. but the high cost may im- 
pede its wide distribution. 


lletuy Upp is with the Geology Department, 
Macalester College , 1600 Grand Ave., St. Paul, 
Minn. 


Drinking Water Supplies: 
Protection Through 
Watershed Management 


lion and diagenesis focuses on the Dales 
Gorge Member of the Brockman Iron For- 
mation. Like other authors. Ewers “would 
have wished to have transferred more of this 
topic from areas of opinion and controversy 
into areas of reasonable certainty.' 1 A compre- 
hensive analysis of the supergene alteration 
of banded iron formations by R. C. Morris 
ends the volume. 

A short paper by Heinrich Holland in the 
1973 work titled "The Oceans: A Possible 
Source of Iron in Iron-Formations 1 ' appears 
to have had a marked effect on die present 
volume. As was noted by Harold James in the 
fo reward, almost ail contributors have accept- 
ed ihe idea of an ocean reservoir for the iron 
and silica. How the iron, silica, and other 
constituents were precipitated from this res* 
ervoir is another matter. Explanations arc 
highly subjective and focus chiefly on possible 
mechanisms lor the precipitation nf banded 
chcriy oxide iron formations. Or course, all 
iron formations are not banded, nor do all 
contain oxides as the principal or primary 
iron minerals. Although chert is the main 
non-iron component, some iron formations 
contain significant quantities of carbonate 
can true. In spite of their textural and mineru- 


Raymond J. Uurby, Edward J. Kaiser, Todd 
L. Miller, and David H. Moreau, Ann Arbor 
Science, Ann Arbor, Michigan, 1983, xxii + 
273 pp., $39.95. 


Reviewed by G. William Page 


The practice of purchasing land to protect, 
surface water supply sources is rarely practi- 
cal today. This is particularly true near urban 
areas. Therefore, Drinking Wnfrr Supplies at- 
tempts to provide an action-oriented guide- 
book on how to develop and implement wa- 
tershed management strategics to protect sur- 
face water supplies from contamination 
under the constraints of today's economic, le- 
gal, institutional, and political conditions. The 
book succeeds iu providing a very dear and 


useful guide to the process of developing 
such » strategy. It should be helpful to small 


and moderate-sized water supply systems and 
local governments interested in taking action 
to protect their surface water supply sources. 

Most of the book is devoted to process. 
Thai is, it is a detailed checklist of the factors 
tliaL must be considered, the studies that 
must be completed, and the steps thaL must 
be taken. This is a substantia) contribution to 
the literature. While there arc many wurks 
that touch oil protecting water supply 
sources, they are generally cither very broad 
in file us or they are more technical and more 
narrowly focused. Some examples of broadly 
focused works are Dunne and Leopold, Water 
in Environmental Planning and Goodman, 
PriiKip/rs of Wafer Hrsourwx /'(aiming. Exam- 
ples of related but more technical and nar- 
rowly fncused works include Milliken and 


Tavlor. MeirnfwtihiH Water Management: Pnja- 
sek, Drinking Water Quality Enhancement 


these references are good and useful to the 
task of protecting water resources, but Drink- 
ing Water Supplies provides the most compre- 
hensive and clearly elaborated approach to 
developing, implementing, evaluating, and 
updating an effective multidimensional strate- 
gy. 

My major criticisms of Drinking Water Sup- 
plies concern issues of omission. The group 
for whom this book will have the greatest use 
are water supply system and local govern- 
ment officials charged with providing potable 
water to small or moderate-size municipalities 
in the United States. More than half of the 
small and moderate-size municipalities rely 
on groundwater for their source of water, 
and this book does not address protecting 
groundwater sources. While many of the land 
use planning methods designed to protect 
watersheds are also useful in protecting aqui- 
fer recharge areas, this book does not de- 
scribe differences in groundwater and surface 
water systems, nor does it attempt to suggest 
differences in strategies to protect these dif- 
ferent sources of water. A volume addressing 
this issue would be a welcome companion to 
the book under review. My second disap- 
pointment with die book is the lack of atten- 
tion to the special problems of protecting wa- 
ter sources from contamination by toxic sub- 
stances. The authors discuss this problem, but 
seem to assume that measures to protect wa- 
tersheds from conventional pollutants will be 
sufficient to protect watersheds from pesti- 
cides, heavy metals, industrial solvents, and 
other toxic chemicals. Because of the danger 
to public health caused by extremely low con- 
centrations of these substances, this issue de- 
mands much greater attention in developing 
watershed management plans. 

Of particular interest in Drinking Water Sup- 
plies are the results of a survey of present wa- 
tershed management practices and the lists of 
techniques which can potentially be included 
in a comprehensive strategy to protect water 
sources. The results of the national survey of 
surface water systems which excluded both 
very large and very small systems provide in- 
teresting reading, especially lists of the prob- 
lems perceived to be the most serious and die 
techniques thought to be the most effective. 
The discussion of potential approaches and 
techniques is comprehensive and very useful. 
In general the book provides ample refer- 
ences to additional and more detailed sources 
of information. 


Crystal Symmetry: 
Theory of Colour 
Crystallography 


M. A. J as won and M. A. Rose, Ellis Harwood 
Ltd., Chichester, England, 190 pp., 1983. 


Reviewed by Charles IV. Burnham 


Geophysicists concerned with physical 
properties of crystalline solids might to have 
a working familiarity with space group sym- 
metries, especially us the symmetries af atom- 
ic arrangements affect the directional behav- 
ior of these properties. While an understand- 
ing of the opcvalioiv.il characteristics of the 
230 three-dimensional space groups will suf- 
fice for most applications, magnetic proper- 
ties can reflect more complex symmetries that 
hinge not only on atomic position but on ori- 
entation of magnetic moment as well. With 
“spin" variability included, the total symmetry 
can foil into any one of 1191 magnetic— or 
color, black and white, or Slmbnikov— space 
groups distributed among 58 magnetic point 
groups. 

Although this hook emphasizes color crys- 


tallography in its title, it includes an exposi- 
tion of the underlying noncnlor crystallogra- 


phy, assuming no prior crystallographic 
knowledge. Its 14 chapters are divided ir 


Through Source Protection; Greenberg and 
Hordon, Wafer Supply Planning; and Whipple, 


G. William Page u with the Department of Ur- 
m Planning and the Center for Great Lakes 


Urbaniiatm and Water Quality Control. Al! of 


ban Planning and the Center for Great Lakes 
Studies, University ofWisconsin-Mihvavkee, Mil- 
waukee, 117 53201. 


knowledge. Its 14 chapters are divided into 
three parts: part I with four chapters on 
crystallographic point groups; part 2 with 
four chapters on space lattices; and pan 3 
with six chapters on space groups. Only the 
last chapter of each part enumerates the 
groups containing color operators. There are 
nine short appendices, some of which contain 
important basic material that the novice to 
this subject will need to master early on. The 
text might he classified as an annotated enu- 
meration of all the various symmetry groups: 
rigorous derivations are scam, and applica- 
tions, examples, and problems are totally ab- 
sent. The approach is primarily group theo- 
retical with a smattering of matrix represen- 
tations and linear algebra and a few 
geometric represcniatit ms that provide some 
visual reinforcement. The text is generally 
terse and in some cases not well organized. 
For example, the first crummier with the im- 
portant X operator is in T able 1 .‘2, whereat it 
is not discussed in the text until the end of 
chapter 2, yet some other rot uin versions ap- 
pear in chapter l. The common mispercep- 
tions Licit ci y.Mal systems are defined on the 
basis of lattice geometry rather than pretence 
of a certain minimal set of rotations is perpet- 
uated iu chapter (>. Thus the reader will be 


Advances in Geodesy 


Edited by Erik W. Grafarend and Richard H. Rapp 


$23 


From papers previously published in AGU’s prestigious journal, Reviews of Geophysics and Space Physics, this 
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logic variauiuiy, must iron inrmauons consist 
of approximately equal parts of iron swui 
non-iron minerals. How equal pans of such 
dissimilar elements were laid down in wltai 
appear to be diverse environments remains a 
major nuzzle. Although (his book does nut 
liqve all the answers, Its excellent coverage of 
new geologic, chemical, pateomologtc, and 
miner alogk data should be most useful in 
stimulating. Further research. 

Authors of the descriptive chapters were 
asked not to focus.pn the iron formations but 
to show haw these .rocks related to the devel- 
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unaware that a crystal whose lattice has a 
square prismatic unit cell, for example, is not 
tetragonal unless it can be demonstrated that 
its atomic arrangement possesses fourfold 
symmetry in one direction; the lattice itself is 
not inconsistent with any lesser symmetry. 

The geophysicist concerned with the impli- 
cations that symmetry has for atomic struc- 
ture and therefore on physical properties will 
not find this book helpful. The problem nf 
determining symmetry is not considered at 
all. I can recommend this book only to those 
scientists already well conversant with space 
groups who would like to see mi efficient, 
somewhat elegant, primarily group theoreti- 
cal enumeration of all crystallographic color 
point groups, translation groups, and space 
groups. 

Charles W. Burnham is with the Department if 
Geological Sciences, Harvard University, Cam- 
bridge, Mass. 

The Exploration of Outer 
Space With Cameras 

M. M. Mirabito, McFarland, Jefferson, N. C., 
1983. vi + 170 pp. 

Reviewed by Michael J. S. Belton 

This monograph "chronicles the use of 
television cameras and other visual imaging 
systems by NASA on unmanned outer space 
probes and in the exploration of the Solar 
System's planetary bodies." 

The book is technically well organized and 
a nicely printed volume with the unfortunate 
exception of the 32 illustrative plates that are 
of nothing less than abysmal quality. Includ- 
ed in the selection of pictures are a number 
of classic Voyager color photographs, but the 
high contrast black and white renditions in 
this volume convey little of their original 
beauty or information content. 

The contents are organized into ] I chap- 
ters that cover, with detailed descriptive ma- 
terial, imaging systems on NASA spacecraft 
starting with the Ranger moon probes 
ihrougn Voyager (chapters 1-6). There is a 
very brief discussion of the need for calibra- 
tion and image processing (chapter 7); anoth- 
er brief (chapter 8) and, m my view, superfi- 
cial exposition on what subsequent scientific 
analysis of the returned images has yielded; a 
chapter on proposed missions; and a brief 
chapter on spin-off from these NASA pro- 
jects to applications in medicine, astronomy, 
and die communications industry. The last 
chapter — only one page long — on Implication 
and Conclusions best illustrates, I think, the 
weakness of the book: The author seems to 
have great difficulty in expressing his excite- 
ment with the subject to any great depth or 
intellectual conviction. His conclusion that 
"the next step is manned flight to these 
worlds" springs out of nowhere and, al- 
though this reviewer expects that this might 
he a popular conclusion with many of the 
readers for whom the book was designed, it 
does not seem to connect in any logical way 
to the subject matter. 

The book has an extensive section (31 
pages) of chapter notes, references, and a 
good bibliography. The latter includes a wide 
range of material, from congressional sub- 
committee minutes to major journal articles, 
that is useful in itself. Apart From its brevity, 
which sometimes leaves one with an impres- 
sion of superficiality, there are also some real 
problems with the text. For example, the au- 
thor occasionally makes analogies with sim- 
pler phenomena in everyday experience in 
order to clarify a difficult point. But this 
rarely seems to work. In one case, an atiempL 
to explain the origin of ringlets in Saturn’s 
png system, he uses an analogy based on the 


here are those with which the author was 
concerned personally." Nonetheless, the hook 
is an ambitious synthesis of nearly 3500 mil- 
lion years (my) of earth's history. Salop pro- 
poses a division of the Prccambrian into 5 
eras (time span before present in my): Katar- 
chean (*3500), Paleoprotozoic (3500-2600) 
Mesoprotnzoic (2609-1900). NeoproLozoic ’ 
(1900-1000), and Epiprotozoic (1000-650). 
■Hie sub-era Eocambrian (650-570) is provi- 
sionally included in the Paleozoic Era. Each 
era is characterized by distinctive lithosiratic 
complexes and is bounded by diasirophic 
(orogenic) cycles of global extent. After an in- 
troductory chapter in which the principles of 
the division are discussed, Salop devotes a 
chapter to each era and to the Eocambrian 
and concludes in die eighth chapter with a 
synthesis. Chapters 2—7 consist of two parts: 
"Rock Records" and "Geologic Interpretation 
of Rock Record." The first part is largely a 
description of the lithostratigraphic complex- 
es, including correlation of stratigraphic col- 
umns, from most of the world’s Prccambrian 
complexes. The second part discusses the 
physical and chemical environment on the 
earth’s surface during the era covered by the 
chapter, sedimentation environment, life, tec- 
tonic regime, principal stages of geologic evo- 
lution, and other topics appropriate to a par- 
ticular era. While Salop devotes more atten- 
tion to Prccambrian terrains exposed in the 
Soviet Union, he covers in considerable detail 
all the world’s Prccambrian rocks for which 
sufficient information is available. Conse- 
quently, the reader will find in Lhis book a 
wealth of factual material. Salop is to be com- 
mended for pulling together and distilling a 
large amount of information from a vast lit- 
erature (24 pages of references, although 
only a handful more recent than 1980). 

Perhaps more important for many readers, 
however, is the exposition of a different per- 
spective on Prccambrian rocks. Salop's divi- 
sion of the Precambriau is based on his view 
of the Prccambrian as a succession of cycles 
that "happens against the background of a di- 
rected and irreversible evolution of the 
earth." (p. 379). Each large geologic cycle 
("megacycle”), represented by an era, in- 
cludes a distinctive sedimentary environment 
(c.g., glacial deposits in the Epiprotozoic) and 
tectonic regime (e.g., mantled gneiss domes 


in the Paleoprotozoic). These cycles, like the 
orogenic cycles, are also worldwide in scope 


and appear in all exposed Prccambrian tcr- 
rajns of appropriate age. As a consequence of 
this view, the fundamental criteria for corre- 
lating Prccambrian units arc lithological, with 
consideration also given to structural and 
metamorphic features. In addition, Salop 
makes use of radiometric ages (surprisingly, 
the Sm-Nd isotope mcLhud is not mentioned) 
in correlating Prccambrian events, particular- 
ly in timing the important orogenic cycles. 
However, isotopic ages are in most cases a 
secondary consideration. In the case of the 
Isua Supracrustab of West Greenland. Salop 
acknowledges that the radiometric dates near 
3800 my are convincing evidence for a Kalar- 
chean age of Ihe Isua rocks and that these 
dates override lithologic and metamorphic 
considerations, notably presence of conglom- 
erates and greenschist to amphibolite-facies 
metamorphism, which are indicative of a Pa- 
leoprotozoic age. For the general case, how- 
ever, granulite- facies metamorphism, in part 
retrograded under amphibolite-facies condi- 
tions, and accompanied by meinsomaiic or 
anateciic enderbites and chamockites, arc 
characteristic of Katarchean rocks and with 
rare exceptions, confined to this era*. Thus, 
North American geologists will be surprised 
to see the granulite-factes Grenville Group in- 
cluded in the Katarchean because of this 
group's metamorphic grade and liLhologic 
similarity to Katarchean marble and calc-sili- 
catc-bearing units in the Aldan Shield and 
Lake Baikal areas of Siberia. Salop attributes 
the Grenville ages near 1000 my to intense 
thermal-tectonic reworking nf a preexisting 
granulite-facics complex. Students of Prccam- 
brian geology may not share Salop's scepti- 
cism regarding the usefulness of isotopic data 
in determining ages of sedimentation, votca- 
nism, and of the original (lienee, most impor- 
tant, in Salop’s view) metamorphism. On the 
other hand, Salop's interpretation that most 
high-grade rocks are old and have undergone 
repeated metamorphic and dcformalional 
events has considerable validity. "Isotopic re- 
juvenation," Salop's expression Tor distur- 
bances in isotupic systems by later events, is 
characteristic of Prccambrian high-grade 
metamorphic rocks, even of the Sm-Nd sys- 
tem in some cases. In this reviewer's experi- 


ence, isotopic rejuvenation has hindered at- 
tempts to determine the crust formation and 
original metamorphic ages of many amphibo- 
lite- and granulitc-fades rocks in the Precam- 
brian shield of easL Antarctica. 

Other interpretations forwarded by Salop, 
however, do not appear as firmly based in 
theory and observation as his outlook on iso- 


topic ages. For example, Salop argues that 
plate tectonics is not applicable to the Prc- 
enmbrian (except possibly in the "Late Pre- 


cam brian,” p, 407, here unspecified). As an 
alternative explanation for the origin of the 
ocean basins, he supports the suggestion that 
these formed by "subsidence of tne lower 
part of the crust into the upper mantle" <p.< 
402) in conjunction with limited expansion of 
the earth. Moreover, this reviewer finds that 
Salop’s terminology for the eras is cumber- 
some and confusing, particularly the term 
"Protozoic," which sounds almost like "Pro- 
terozoic." His rigid classification scheme does 
not allow for either widely different evolu- 
tions in different parts of the world, non- 
synchronization of orogenic events and sedi- 
mcnialogical environments, or for repetition 
of certain phenomena, such as granulite-fa- 
cies metamorphism in post-Katarchean lime. 

By and large, V. P. Grudina’s translation 
from the Russian has produced a readable 
English text. However, a few odd words and 
phrases have escaped the editors, for exam- 
ple, "sensibility" for "sensitivity" (p. 7G), "sub- 
mergence or minor fold bends" (p. 40), and 
"general unregulated situation" (p. G6). Alt 
occasional passage is incomprehensible. Ty- 
pographical and spelling errors occur about 
once cverv five pages. Reproduction of the 
figures (all hut mic arc line drawings! is 
good. However, the largcr-scale maps are 
without geographic coordinates or an index 
map, so that the reader is at a loss to Locale 
these maps in their larger toil text. 

In sum, the P ret am brian specialist would 
be well advised to arid Salop's book to bis ref- 
erence Library, but the more general geologist 
may find the price a bit high for an alter na- 
tive view of Prccambrian geology. 

Edwaftl -S'. Grew it a Hurnboldt-Stipendint at Ihe 
Ruhr-lhliversitilt Bochum, lustitutfftr Mine min- 
gle, Posfach Iff 2 1 VS. 0-3630 Bochum I. Wen 
Germany. 



oottom of a flat disk. The result is nothing 
lets than a total obfuscation. This reviewer 
l ? Coldreich and Tremaine. 

What this reviewer missed most, while 
reading this “chronicle" of great human 
achievements, was any identification of the 
ratnera systems and projects with the real, In- 
I '™ual, people who were involved. Who 
were the engineers and scientist that put the 
rameraa, design criteria, sequences, etc., to- 
gether? Who set the, priorities? Who made 
he discoveries? What were their disappoint- 
ments and tragedies? History without people 
surely dull. The book is recommended only 
° those who have a peripheral, nontechnical, 
merest in the subject matter. 

Michael J, S. Belton is with the Kitl Peak Ohser- 
Wtry, Tucson, Ariz, 

Geological Evolution of 
the Earth During the 
Precambriah 

Lj- Salop (transl. by V. P. Grudina), Spring- 
Ver lag, New York, 459 pp., 1983, $65.80. 

Reviewed by Edward S. Grew ' 

dori , °* 5 l book “ a review of geologic history 
snk?? ■ ^recanibrian, with an emphasis on 
"7* frecatnbrian time, worldwide 
ehai! 8 . n ^stratigraphic sequences, and 
tjJ^^aLion of tectonic re crimes. Tfieau- 
: noi ,^ autlons * n the Preface that the bopk is 
J' * con ipilalion; the prpblems discussed , 


RATES PER LINE 

PotUiont Available. Servicn. Supplier. Cnnnri, 
and Announcement!. Iitsi imniuin Yi.liil, .id 
ditional insertions SI. 25. 

Poiilioru Wanted: firji insertion $2.00, addition- 
al insertions Si. 50 

Student Opportunities first insertion free, addi- 
tional insertions $2.00. 

There arc no discuiinis or commissions on 
classified ads. Any type style lhai is not publish- 
er's choice is charged al general advertising 
rates. Eor is published weekly on Tuesday. Ads 
must t»c received in writing fry Monday. I week 
prior lo the date of publication. 

Replies to ads with box numbers should be 
addressed to Box — , American Geophysical 
Union, 200 0 Florida Avenue, N.W., Washing- 
ton, DC 20009. 

For more information, call 202-462-6903 or 
toll free 800-424-2488. 


POSITIONS AVAILABLE 

William M. Rice Unfreralty/Marlne Geophysics. 

The Department of Geology invites nominations 
and applications for the W. Maurice Ewing Chair in 
Oceanography. We are seeking applicanufor a new 
position in marine geophysics to nil this chair. 

The Department of Geology has recently added 
two reflection seismologists to iu faculty and is 
building a state-of-the-art seismic processing facility. 

The successful applicant will be expeciedio teach 
graduate and undergraduate courses and (o develop 
a strong research program in his or her area of in- 
terest. Coopeiallon in ongoing research with other 
members of the Rice faculty and faculty at other 
Texas universities would be encouraged. 

Send enquiries and applications to“Dr, Albert 


College of Geoscicncei'Universlly of Oklahoma. 

Applications and nomiiuciuni arc invited far the 
position of Director of the School nf (.eologv and 

t ill! l'll.'-li.l I. It'll m Ii.ih- j 

I'li.D or r>|iin .ili-M. a strung, ■■nguini; te-w-duli pro- 
gram .mil administrative experience-, iiiiltmrul 
experience help) til; field of geological specialization 
open; to begin July I, 1985; salary to be negotiated. 

In 1986. the School will move into the neiv 
300.000 sq. ft. Energy Center along with other ele- 
ments of the College of Geosciences: the Oklahoma 
Geology Survey; and the School of Petroleum and 
Geological Engineering and the School of Chemical 
Engineering and Materials Sciences, both from the 
College of Engineering. 

Applications with curinilum vitae, names and 
aodresn of three references, and/or nominations 
should be sent to: 

Francis G. Steiili, Dean 
College of Geosciences 
University of Oklahoma 
001 Elm Street, Room 438C 
Norman, Ok 73019. 

Consideration of applications will begin January 
I. 1985. 

The University of Oklahoma is an Equal Oppor- 
lunity/AITinnativc Action Employer. 

Head/Department of Geosciences. The Pennsyl- 
vania State University seeks an academic leader to 
serve as Profeisor and Head of a Urge department 
with 35 faculty members divided among three aca- 
demic programs: Cewhermsiry- Mineralogy. Geolo- 
gy and Geophysics. 

A donor's degree, significant publications and 
high scholarly standing are required; administrative 
experience is highly desirable. 

Applications will be accepted until October 15, 
1984. Applicants should submit a letter or interest 
and curriculum vitae to: 

Arnulf Milan, Chairman 
GSc Search Committee 
415 Walker Building 


Bally, Chairman, Department of Geology, Rice. Uni- 
versity, Houston, Texas, 77251-1892. Applications 
should include a detailed resume, the names and 
Addresses of three references, and a statement of 
research Interest 

Rice University is an equal opporiunuy/allirma- 
live action employer. 

Cooperative Institute for Climate Studies/An- 
nouncemeut of Postdoctoral Fellowship. The De- 
partment of Meteorology at ihe University of Mary- 
land, College Park has established the Cooperative 
Institute for Climate Studies (CICS) with NOAA Jo 
engage in collaborative research. The Institute is in- 
volved in a variety of studies oriented toward a bet- 
ter undemanding ol climate and currently has an 
opening for a postdoctoral fellow to join the current 
Institute staff in the area of steady stale climate 
mbdeling. This position calls for a meteorologist 
with experience or interest In «Ah ; 

steady slate climate models. Pnhclpal activities mil 
involve running experiments s rlthg xisting steady 
state modeIs, .trerivnig careful ; 

dures, handling extensive observed data i seta, mak- 
ing modifications In model physics and forcing, and 
devising niore cffideril computational schemes for 

£&» told bf-jj-gr. to. 

fore October 15, 1984 will receive foil eortsider- 
"^TTie University oF Maryland sulwribes to a policy 

students or employment. 


University Park, PA loaOS. 

The Pennsylvania Stale University is an equal op- 
portunily/affirmatlve action employer. 


Geology/Ccopliyski. AuistJiii Professor (tenure 
track) effective July I, 1985, to establish a program 
of research, enordinme ifnrlrrgr.idu.ile gmlngy 
teaching, .mil assist in the held exeiciies Applicants 
should base a Ph.D. with a strong acaik-mic ami re- 
search record; postdoclur.il experience desirable. 
Applicants should send complete curriculum vitae 
and names of three referees before 15 November 
to: Search Committee. Department of Earth and At- 
mospheric Science. York University, 1700 Kcele 
Street Downsvie**. Ontario. M3J IPS. Canada. In 
accordance with Canadian Immigration require- 
ments, this advertisement is directed id Canadian 
citizens and/or permanent residents or Canada. 

Scripin InatUutlon of Oceanography/Marine Geo- 
physics, The Scripps Institution ol Oceanugniphy 
imiies applications for a tenure track position in 
solid -carta geophysics/tectono physics, rhe level or 
the appointment will depend on the applicant's 
qualifications. Candidates will be expected to super- 
vise and conduct research in geophysical studies or 
tecionophysica with emphasis on the ocean basins 
and their margins. The position will also involve 
graduate level leaching and the supervision of grad- 
uate student research. Applicants must hold Ph.D. 
degree and have demonstrated excellence and inde- 
pendence in research in geophysics-icctonophysics. 
Associate or Professorial level candidates must show 
evidence of strong research record in their special- 
ization; Assistant level candidates will be expected to 
show evidence of their potential through publication 
record appropriate for their experience and letters 
of recommendation. Send letter of application in- 
cluding description or research interests, list of pub- 
Ucmions, resume of teaching experience, and names 
of at least three references to: Chaitnan, Graduate 
Department, A-008, Scripps Institution of Oceanog- 
raphy, University or California, San Diego, Lajolia, 
CA 92093. Closing date Tor applications is 15 Octo- 
ber 1984. We expect to till the position in calendar 
year 1085. 

An Equal Oppoitunlly/Affiriruilive Action Em- 
ployer- Women and minorities are especially invited 
to apply. 


GROUND WATER 
HYDROLOGIST 

Environmental Science & Engineering, Inc. a full service engineering con- 
sulting firm based In Gainesville, Florida, with regional offices In Florida, 

St. Louis, Denver, Baton Rouge and Anchorage, has openings lor ground 
water hydrologists to manage projects, prepare proposal*, end make pre- 
sentations to clients. Projects Include hazardous waste. Investigations and 
remedial engineering, ground water monitoring and contamination assess- 
ment, geophysical studies, ground water supply development and permit- 
ting, and land application of waste water. Requirements include MS De- 
gree In hydrogeology, geology or engineering and .3-5 years experience 
Involving hydrogeology, hazardous waste and water resource. 

Environmental Science & Engineering, Jnc. 

Department E03 
‘ P.O. Box ESE 
Gainesville, Florida 32602 

: Equal Opportunity Employer , ! 
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Senior Project Engineers 

Apply your technical problem solving skills 
and enjoy the challenge of wide-range 
project leadership. 


The Organization We are the Specialty Materials Business Department 
of General Electric Company. As one of GE’s major 
high technology businesses, we are committed to 
providing our global customers with top quality 
manufactured diamond and other related 
superabrasive products. 


The Position 


The Requirements 


Rewards 


To Apply 


Assume a project leadership role for the 
development of improved products and processes. 
Utilizing advanced technologies, our Senior Project 
Engineers are challenged in their resolution of 
complex technical problems which Includes material 
selection, process optimization and product 
sped flcatlon/quallty improvements. 

Strong technical leadership skills are necessary. A 
demonstrated record of technical problem solving In 
an industrial environment is highly desirable. An 
advanced degree in the material sciences or related 
field is required. A PhD Is preferred. 

General Electric offers an excellent salary and 
outstanding benefits. But the professional and 
personal rewards are just as Important. These 
positions offer the growth opportunities you'd expect 
within a major corporation like GE. You will like our 
Worthington location, too; an attractive suburb In the 
growing Columbus. Ohio, area. 

Explore these opportunities by submitting your 
resume Including salary data in confidence to: 
Specialist-Salaried Relations. P.O. Box 568, 
Worthington, Ohio 43085. 

The future is working at General Electric 



An Equal Opportunity Employer 


Department Head of Plant ScienceafUnlverslty of 
Nevada Reno. The College nf Agriculture, Uni- 
versity of Nevada Reno, is seeking applicants for 
litis twelve-mi mill tenure track position. The De- 
partment has nineteen faulty and conducts teach- 
ins. research and extension programs in the areas 
oiagronomy, horticulture and integrated pest man- 
agement- A Ph.D. in a plant xience related disci- 
pline and etidence nf administrative and leadership 


Physiol Oceanographers. The Physical Oceanog- oeopnysicsai me university or uian kou appuca- airuciuai ueoiomsi/unio aiatc university. »«= 

raphy Branch of the U.S. Naval Oceanographic Ol- dans for a tenure track position in structural redo- Depart mem of Gening)’ and Mineralogy of Ohio 

lice seeks full-time Oceanographers for the study of gy. tectonics or lectonopnysics. It is anticipated that State University invites applications for a tenure 

the effects or oceanic current and ihernul/density this position will he tilled at die assistant professor track position for a .nriiciu.il geologist with sigmn- 

siructurc on undersea systems usintr data collected level, but applications by more senior persona will cant field experience, a sin mu theoretical hack- 


Stanford Unlversity/Plaama Physics, EM Waves, 
Space Physics, we arc seeking a senior person 
who has demonstrated scientific, managerial, and 
leadership qualifies lions in one or more or the fol- 
lowing disciplines: Space Plasma Physics, electro- 
magnetic waves, and solar-terrestrial physics. We ex- 
pert the successful candidate to have established an 
outstanding reputation documcmable through pro- 
fessional writings or other evidence of personar 
technical creativity, letters of reference front recog- 
nised research leaden in die disciplines mentioned 
above, and/or awards and other recognition from 

appropriate professional societies. 

ft is expected that this individual will develop a 
research program in one of the disciplines given 
above working in coordination with ongoing pro- 
grams within the STAR Laboratory and, possibly, 
with other activities within the Stanford Center tor 
Space Science and Astrophysics. It is expected that 
this individual will have a strong background in ex- 
perimental techniques, cither in the laboratory or in 
the field, including the environment of spate; ex- 
perimental activities in either laboratory or apace 
plasma physics would be regarded as good qualifica- 
tions. However, dose association with theoretical de- 
in plasma physics and/or electromagnet 


that the individual will have a demohstiated capabil- 
ity for securing federal or other research gram sup- 
port. or be deemed by the selection committee of 


It ts anticipated that the person chosen will devote 
the major part of his or her dmc to research activi- 
ties. However, there Is an opportunity for partiapa 
lion in academic respond 
ncering Department, including, when time permits 
teaching graduate and undergraduate clnsses, serv- 
ing on various committees of the department, 

School of Engineering, and the University. It is ins- 
pected that the person chosen will parddpate active- 
ly in the training of graduate students. 

The Chairman of the selection committee for this 
position Is Professor Robert A. HcUiwcil, Professor 
of Electrical Engineering, Space, Telecommunica- 
tions, and Radioscience laboratory. Stanford Uni- 
versity, Stanford, CA 94305. Other members of the 
selection committee include Professor P.M. Banks, 
Professor R.N. BraccwcU, Professor L.R.O. Storey, 
and Professor L. Tyler. 

Research CeophysideL The U.S. Geological Sur- 
vey (USGS), Office of Earthquakes, Volcanoes, and 
Engineering, Branch or Seismology is soliciting in- 
terest from exceptionally well-qualified persons with 
cither a record of demonstrated ability or outstand- 
ing potential for research in one or more areas of 
Branch activity. The Branch of Seismology conducts 
fundamental research in the fields of earthquake 
prediction, network seismology, crustal structure 
and volcano seismology. The uninch is particularly 
interested in a gcophysidst with expertise in the 
field of seismology. 

All interested persons should submit a derailed 
resume of education, experience, summary of inter- 
ests anti research intentions, and the apprpriatc sal- 
ary level commensurate with experience by 5 Octo- 
ber 1984 to: 

William Ellsworth 
U.S. Geukwical Survey 
Branch ofSeLsmology 
345 M Minefield Road. MS-977 
Menlo Park. CA 94025. 

Should a position become available in the Branch, 
you will be nutilicd of the competitive federal em- 
ployment application requirements. 

The U.S. Geological Survey is an Aifiniiiitivc Ac- 
lioiVEqual Opportunity Employer. 

University of Utah: SlructuaJ Geology/Teclonics/ 
Tectonophyalci. The Department of Geology and 
Geophysics at the University of Utah seeks applica- 
tions for a tenure track position in structural srecilo- 


RESEARCH POSITIONS AVAILABLE 

The Lunar and Planetary Institute is a 
center (or Planetary and Earth Science 
research associated with NASA pro- 
grams. The Institute presently has 2 to 3 
positions available at the postdoctoral 
and staff scientist levels. Appointments 
are initially for one year with the possibil- 
ity of renewal for additional years. 

Areas of current research interest at the 
Institute include: geophysical analysis 
of global data sets; planetary geology, 
including the analysis of surface images 
and theoretical and experimental stud- 
ies of impact cratering; terrestrial re- 
mote sensing with special reference to 
volcanic phenomena; planetary tecton- 
ics, especially of Mars, Venus and the 
Earth; and the early crustal genesis of 
terrestrial planets. 

Applications from specialists in all areas 
of planetary and earth science are invited 
and will be particularly welcome from 
researchers whose work augments or 
complements existing programs. 

LPI facilities include a computer center 
equipped with a VAX 11/780, an image 
processing facility equipped with a Gould/ 
DeAnza IP 8500, a geophysical data 
facility with interactive graphics capabil- 
ity, extensive library holdings in the 
geosciences, and a major collection of 
space photography. 

The LPI, funded by NASA through the 
Universities Space Research Associa- 
tion, is located adjacent to the NASA/ 
Johnson Space Center near Houston. 
Salary and benefits are competitive and 
attractive and depend on individual quali- 
fications. Respond before Oct. 31, 1984 
to: 

Director's Office, LPI 
3303 NASA Road 1 

Houston Texas 77058 

An equal opportunity employer 


Stnieluol Geoloirist/Ohio Slate University. The 
Department of Gening)' and Mineralogy of Ohio 


College of Agriculture, UNR. Reno, NV 89557- 
0004, 702-784-6611. 

The University of Nciaria Reno ii an equal op- 
portunity employer. 

Northwestern Culvers Ity/Departmenl of Geological 
Sciences. Application] are invited for a tenure 
track position at the asiistant pro Tenor level from 

S ersoru who will complement one of the existing 
cpanmenial research programs in unicutal gcolo- 

S y. tectonics, petrology, or sedimentary geology, 
uplicanu must Itola the Ph.D. degree by the time 
af appointment and demonstrate excellence in or 
uroni potential Tor independent research in one or 
these fields. In addition to having a strong research 
orientation the position will involve teaching aL the 


the effects or oceanic current and Ihernul/density 
structure on undersea systems using data collected 
from various platforms far a variety of projects. 
The projects involve the collection, analysis and re- 
porting of physical oceanographic data directly ap- 
plicable to relevant Navy environmental require- 
ments. Up to 50% field duty may be required. 

Mutiplc vacancies at the GS-7, 9 and 1 1 levels are 
available depending upon qualifications and experi- 
ence and wul remain open until filled. Salary range: 
$17,221 to $33,159. 

Please contact (Tor required forms): Debra Sta- 
ples. #N 00-72(84), Commercial 601-688-5720, 
Autovon 485-5720. or FTS 494- 5720, U.S. Nasal 
Oceanographic Office, Management & Personnel 
Division. Personnel Operations Branch, Code 4320, 
Bay Si. Louis. NSTL, Mississippi 59522. 

Postdoctoral Research Poslllon/Petrology-Geo- 
chemlstryi Northern Illinois University, Depart- 
ment of Geology. Recent Ph.D. recipient is sought 
for one )ear position starting In early 1985. Strong 
analytical background in XRF or plasma spectrome- 
try Is preferred. The Depanmeni or Geology is in 
the process of acquiring new, automated XRF and 


level, but applications by more senior persona will 
be considered. The postion requires a Ph.D. with 
emphasis in structural geology, regional tectonics or 
icctonophysics.. The new faculty member will have 
the opportunity to teach in the area or his or her 
specially and may also be assigned introductory lev- 
el courses. The successful candidate will be expected 
to establish a vigorous research program involving 
graduate students. The person who fills this posi- 
tion will join an active program in structural geolo- 
gy and tectonics that includes both field projects 
and integrated gealogy/gcophysics ans mechanics/ 
fluid chemistry studies of structures in the western 
Cordillera. There is an excellent opportunity to col- 
laborate with other faulty in structural geology, 
sedimemology, geophysics, geochemistry and petrol- 
ogy. A vita, copies of publications, names of three 
persons that may provide references, and a letter 
outlining the candidate's research and teaching in- 
terests should be sent to Dr. William P. Nash, Chair- 


undergraduate and graduate levels and the supervi- DC plasma spectrometers. The successful candidate 
sion at graduate student research. Current depart- "ill be involved in the development of sample-prep- 
mental facilities include VAX 1 1/750 computer. aration. analytical, and dam-reduction procedures, 

fully automated J EOL 733 Microprobe/S EM and as well as jnitniciion of other users. Independent or 
high pressure and geochemical laboratories. collaboradve research will be expected. Ine Depan- 

Leticn of application should be accompanied by a ment also has solid- and gas-source mass 
resume that includes a description of research inter- spectrometers, automated EMP. and excellent cont- 
ests and accomplishments and teaching experience, puling facilities. Please send application, resume, 
a list of publications, and ihc names of at feast three and tnc names of three references toJ.H. Berg, 


references. Send to: S.O. Schlangcr, Chairman. De- 
partment of Geological Sciences. Northwestern Uni- 
versity, Evanston, Ulinuis 60201. Closing date for 
applications U November 1st, 1984. We expect to fill 
the position for the Tall of 1985. 

Northwestern University is an equal opportunity/ 
aflirmati re action employer. 

Geopbyslc lit/Univenlty of North Carolina. T he 
Department of Cenlugv Invites applications for a 
tenure track faculty |Kuition in snfid-catili geophys- 
ics beginning |nly 1. 1985. The position probably 
will be at the assist am professor level, hut candi- 
dates at the ass raiue professor level will be cunsid- 
ered. The 1*1 i-D. is required, mid puii-dociural 
experience is desired. Our preference is for a seis- 
mologist amL/or tectunuphysicist. who would com- 
plement current department al activities, hut any 
good applicant in gcuphvsks will.be considered. 

Faculty mcmlicrs arc ricpccicd to cmiilucl a visible 
and active rccarch program, teach graduate and un- 
dergraduate students, and supervise theses. 

Enquiries amt letters of application shim Id be sent 
to P. iJcnfirey Feta. Department or Geology 029A, 
University of North Carolina. Cliupcl Mill, NC 
275 14. Applications must include resume, statement 
of research and teaching interests, and the names of 
at least three references. Closing date for applica- 
tions is October ID. 1984. 

UNC is an affirmative action/cqual opportunity 
employer. 

Senior Level HydragcologliU . Afplimnili: M.S. 

+ 5 jean experience as Project Manager. Computer 
modeling and writing skills imperative. Strong back-. 

S ound in applied hydrogeology integrated with 
emiilry ana engineering desirable. 
ffmarmAM: Commensurate with experience 
plus excellent benefits and growth potential. 

Respond: In confidence slating interest, full resu- 
me, references and salary history: to Mrs. V.L 
Bonos. R.E. Wright Associates, Inc* 5240 School- 


as well as initrucuon ol other users. Independent or 
collaborative research will be expected. The Depart- 
ment also has solid- and gas-source mass 
spectrometers, automated EMP. and excellent com- 
puting facilities. Please send application, resume, 
and the names of three references to J.H. Berg, 
Dcpanme of Geology, Northern Illinois University, 
DcKalb, IL 601 15. Application deadline is October 
15, 1984. 

Northern Illinois University is an affirmative ac- 
iton/equai opportunity employer. 

American Museum of Natural History. The De- 
partment or Mineral Sciences is seeking to fill a ten- 
portion for Assistant Curator beginning 
July IB85. Thu is mainly a research position, but 
some time is needed for collections management 
anti departmental activities. High quality sample ori- 
ented research and publication is the prime respon- 
stbility. The field of specialization Is mineralogy, 
broadly defined, and may include and combine as- 
pects nf petrologic mineralogy, nrc mineralogy. 
tnmera geochemistry, crystal and thermochemistry, 
mineral phplcs, X-ray crystallography, uhrasiruc- 
turc anal) j is. crystal growth, spectroscopy or gemol- 
«**>■ research facilities include a fully auto- 
mated ARLSEMG electron mkroprobc. X-ray labo- 
ratory, minicomputer, and vast mineral and other 
collections. The opportunity exists for research and/ 
or teaching collaboration with nearby institutions 
wtm Mtaluntbla (Lamom-Doherly Geological Ob- ■ 

Requirements are a PIlD. In hand by the time of 
appointment and an ability to carry out a research 

areti! 2asss*6~"»is> sw« 


1984 with the appointment starting in September 

1985 

The University of Utah is an equal opportunity/ 
amrmauve action employer. 


track jiusitUin for a sintciii.il geologist with signm- 
canl field experietne. a strung theoretical back- 
ground, interests in regional tectonics, and familiar- 
ity with seismic iiilcnireiatiou. The successful *PP U ' 
cam will be expected t» pat lit mate in the 
undergraduate program liu lulling field courses, 
teach graduate courses in his/her field or cx per toe. 
supervise gmdiiaic students, conduct research, ana 
interact with oilier de|Mi l menu] programs in re- 
gional geology and geophysics. Consideration wOl k 
given to modulates wills industrial cx|x?nencc. A 
Ph.D. degree is requited. Rank will be cither asiifl- 
am or associate ptofessur aod rank and salary “Hi 
be commensurate with experience and research 
record. Please send apiilirations tu: 
t mail man 

Slrutiuul Geology Search Committee 
DciKtrtmcni of Geology and Mineralogy 
The Ohio State University 
Columbus, OH 4321 n. 

Applications should include a test tine ana a sui 
mentor research interests. Applicants snouiuaj' 
range to have nt least three confidential Jclteri 
recommendation scut to the committee. Th e ciwm g 
dale for applications is Deventer 1, 1984; appou" 
menu wil be effective October 1 , 1985. , 

The Ohio Stale University is nn equal opponuw 
ty/affirmative action employer. 


Bonos. R.E. Wr 
hotise.Road, Mi 


fawn, PA 17057. 


r wuic 1QUIU1 support 

wtllTje sought outside the Museum. Applications 
should include: ( 1 ) a cuniculum vitae, fi>) names of 
three persons familiar with yotir work, and (3) a 
statement or research interests and specific prokcu 
to be carried out wlilun the next live yean/ ^ 
^The« must he submitted by November 15, 1984 ■ 

Martin Prinz 

Chairman, Search Committee 
Department of Mineral Sciences 
. American Murciim of Namral History 

; • New York, NY 10024 , ' ' • ' j 

employer oppo ^ un !‘7 *¥®W). affirmadvea^on 

■■ • • ■■'■io. 


DIRECTOR OF HAZARDOUS WASTE MANAGEMENT 
AND TWO SENIOR HYDROGEOLOGISTS 

SHANNON & WILSON, INC., a leading national geotechnical' and applied 
geoscience consulting firm with 30 years of experience, has immediate open- 
ings for a Director of Hazardous Waste Management and a senior-level 
Hydrogeologist in its St. Louis office and a senior-level Hydrogeologist in its 
Seattle office. The successful candidate will lead the company's existing well- 
established groundwater and hazardous waste groups. Each position will 
require proven business development and project management skills and 
national-class technical expertise. 

The Director of Hazardous Waste Management will provide overall leadership 
of the company's Waste Management work. The successful candidate must 
nave an advanced degree in a related field and over 15 years of direct expe- 
rience in site characterization, groundwater-quality assessment, and remedial 
action methods. ' ■ 

The senior-level Hydrogeologists must ha Ye an advanced degree in geology o r 
hydrogeology and over 10 years of direct experience in water resource devel- 
opment, geotechnical projects, groundwater modeling and groundwater eon* 
tamlnation studies. i : * . 

: ‘,:i . _ 


SHANNON & WILSON, INC. 
Attri: Earl A. Sibley 
P.O. Box C-30313 ■. 
Seattle, WA 98103-8067 .- 


An Equ^l Opportunity Employer 1 • > v y ' ■ '< 


^ *"• 

3: V/ W.jX 







September 18, 1984 Eos 


DEPARTMENT 

CHAIRMAN 

The Woods Hole Oceanographic Insti- 
tution invites applicants for the position 
of Chairman, Department of Physical 
Oceanography. This position requires an 
appointment as Spnlor Scientist with 
tenure, in the DepartmenL The candidate 
should have a record of distinguished 
publication In the field and the ability to 
raise support for research. A Chairman’s 
own research usually occupies approx- 
imately half-time. The remainder is 
devoted to teaching and departmental 
matters. The chief executive task of the 
successful candidate will be to maintain 
and to enhance the quality of the 
Department. The duration of the 
appointment and salary are negotiable. 
Please send curriculum vitae and list of 
publications to Personnel Manager. 
Applicants are requested to respond 
before November 30, 1984 if possible. 


WOODS HOLE 
OCEANOGRAPHIC 


Box 54 P, Woods Hole, MA 02543 

An equal opportunity employer M/F/H/V 


Geosciences have a tenure track opening preferably 
assistant professor level, for which the first search 
will be for a creative individual workina in applied 
geological hydrology. 

The successful applicant will be expected to devd- 
?P Jfariwng and research recognition at a national 
i moT he ^'lAble beginning September 

1, 1984 and will be held open until filled. Appli- 
cants should submiL a vita including names of rcl’er- 
enc f* J® M.C. Gilbert, Department of Geology. Tex- 
as A&M University. College Station. TX 77843. 

Texas A&M University is an affirmative action/ 
equal opportunity employer. 

Academic Administrator/ AasistHnl or Associate Re- 
■wrch Oceanographer. The Comer for Coastal 
studies, Scrtpps institution nf Oceanography has nn 
opening for a split-position- 50% Academic Admin- 
iitraior/5il% Assist.nu/ Associate Research Occanon- 
rapher. p 

The Center conducts a wide variety of field, labo- 
ratory and thcnreik.il work in waves, currents, 
shore processes, mechanics ui nearshore sediment 
transport, estuarine processes, continental shelf and 

ITiarcnnal coni 


i _ - r fcviiiim-iiiiu diii.ii atm 

marginal seal research 

, The successful candidate will have a PhD in phys- 
«ai oceanography or coasttil sciences. The level of 

aDDOintlIM.nl will L. .I n , I I... : ■ 


appointment will be determined by experience and 
£vel of independence in his/her field as evidenced 
Dy reviewed pitblicaiion record in die scientific liter- 
ature and research record. The ability and desire 
lor mieracuon with a variety of people within and 
outside the University, particularly funding agen- 
ws. arc essential. Knowledge of a broad spectrum 
pi research areas is also essential. Some understand- 
ing of administrative issues, c.e. personnel and bud- 
gets, is essential. 

The Administrator portion of the position is per- 
manently statc-fundecl. The Research portion will 
w funded by the Center for 12-18 months to cn- 
JDic the raniltdaic to later obtain cumracl/grant 
tunding either separately nr in cooperation with 
other department researchers. 
mu ii . r ^. 5Un l“. indutllng areas of research interest 
and list of publtcauons, witli three letters of refer- 
ence by 31 October 1984 to: 

Dr. Donghu L Inmnn, Director 
Center for Coastal Studies. A-009 
Jscripps Institution of Oceanography 
University of California-San Diego 
lircrt- La Jolla, CA 92093. 
don Employ" 0 PP° rlun ' l y /Affirmat ' ve Ac- 

— ' 

Experimental 

Physicist 

15® MIT Center for Space Research 
has a position available on the 
25213 st aff for anexperlmantal 
with a background In space 
Plasroaphysics or In a closely related 
, Tha 1 research P f °9 r a m in this 
arealivo|ye s the design, develop- 
P®.™' evaluation and constructfon of 
Rtttruments for a variety of. space 
missions. Direct experience In the 
nosign and conslmcllonof balloon, 
or satelllte-bome fnstrumenta- 
fon is required. The position affords 
“WopjXJrtunily for part-time data 

SJii i ^ rntef PretaHon depending 
°n the Interests of the applicant. 

S?/pu p bMrr ,lno,u, “" 0 

■aj^iuaaaL. 

MA 02139. Salary for 
wSt^SS? tf 11 i*® commerteurate 
H^'J^rtons of the oppllcont. 

*®for to Job #R84-‘9S8 p 


3 w *1 ,e f lonics - The successful apnli- 

SaSaffastaSi ess 

Dr. Ralph R B. von Frese 
Chairman, Search Committee 
Department of Geology and Mineralogy 
The Ohio State UniversiLy 
Columbus, OH 43210. 

Telephone: 614-422-5635 or 422-7221. 

Applications should include a resume, a statement 
of research interests and three persons whom we 

f ° r ■ rC rt n,mC . ndalio " s . Tt, c closing date 
for apphoujons is December I, 1984; appointments 
wil be effective no later than October 1/1985, Ad- 
™ be obtained by writing or 
calhng the .duimun of the search committee. 

.yttSsj; 1 .; "" 0|,pon,,ni - 

ssesassu 

mem seeks persons committed to academic careers 
invplvmg teaching reiearch, and sen-ice. Salark. 

^ l^bfications and experience 
and will becompctmve. Candidates shouldTiuld the 

rample d ff C Ceolo 8 Ical S ™"«* or have it near 

Pojilions carTy responsibility for leaching at 
both undergraduate and graduate level, conductina 
active programs of research and publication, and 8 
supervbmg the research of students. Candidates 
should expect to teach introductory courses as well 
as in their specialties. The Department may give 
preference to those who are qualified physically and 
by training or experience to teach in our summer 
field programs and have the capability to me |], c 
computer to solve geological problems. 

Position I. Sedimentation, with inieresu in the in- 
terface between sedimentary processes and stratig- 
raphy, diagencsis and low-temperature geochemis- 
try, or tectonics. Duties will include teaching courses 
in stratigraphy, sediment at inn, scdimcntiiry geo- 
chemistry, or ictlonics. 

Position 2. Tectonics, with interest in the interface 
between tectonic processes and sedimentation, igne- 
ous phenomena, or nteLtmorphisni. Duties will in- 
dude teaching courses in struciual gcnlogv and tec- 


jT"" 1 or piiremiai iietos. Landidatcs 

should expect to interact with a strong group In the 
Kansas State GcolomcaJ Survey and cwirdinate the 
i 0 u‘ c P rQ R r ™ in Rcophysics. Du- 

alstni.rJl corses in geo physics, crust- 

»u stmciurcp or leuontcs. 

« should send it resume, academic tran- 

to LV Bilir lcl,cr J Df recommendation 

SJiSW 1 Chairman of Search Comniillcc, 


“ e 5}?*l ve , I ? ireclon Executive Director of newly 
established Incorporated Research Institutions for 
SeuiMHogy (IRIS), a non-profit consortium of about 
40 research universities. Initial duties include setting 
up VVushington. D.C. office with associated financial 
and clencal services, conducting necessary contract 
negotiations with federal agencies and private orga- 
nizations, handling procedures and arrangements 
■or extensive cumnuiicc activities, unci working with 
the managers of the various research programs. [)n- 


ii) a:uu p.in. November 19, 1984. 
fond? 051110114 arC c,,nl,n 8 cni U P ,JI1 availability of 

The University or Kansas is an AA/EEO employer 
J™ encourages applications from all quail fiedper- 


iiiuuui- maim mem mamtc- 
rance, tnstruchon of students, development of pro- 

i xtc” >rlB- Rc > rarch be encouraged. 

A MS or PhD ii required in Earth Science. Chinns- 
° r En .8 lI, “«; i »R- Minimum salary will be 
$18,000/12 months with an MS. Send letter ofappli- 
cat ton. transcripts, reiume. and names and address- 
« of three references by September 15 to Dr. John 
w V t alt £/' 11 D fP a . r,m ': nl «f Geology & C.eophysrc], 
53706 ^ aU ' L n ' VerSlty oF ' Visco »«n. Madison, Wl 
An equal oppariimity employer. 

Unlveniljr of Texas at Austin. The Depanmeni 
ql Geological Sciences seeks to fill tenure track posi- 
tions effective fall 1985 in one or mure of the JoT 
lowing disciplines: Ij micrnpalcnmnlogy-Tcriiarv 
biosiiatigraphy. 2) si nictu re- tec tunics, 3) liyilnigcnl- 
ogy. ami 4) nirntralngy-kineiics. Each person is ex- 
pected to teach both undergraduate .inti graduate 
courses and in cuinluct n vigorous i esrarcli itro- 

5 ram, including the supervision ui graduate slu- 
ciih. in tltc area of his or Iter speciality. I lie umi- 
unns require the Pli.I). degree. Applicants should 
submit a detailed resume, names ami addresses ut 
five references, a Man-mem of teaching ami re- 
search inicrcsis, and a cunv of their ilissci laiimi .ili- 
stracL hy December I. 108-1 to: Hr. William L. Kisli- 
er. DeiKirimciu ..r Geologicul .Sciences, the Universi- 
ty or Texas at Austin, Austin, Texas 7«7 13-7 ( I|I'I 
The University- is an equal u pp.m unit v/ai fir ma- 
uve action employer. 


-- — ..... — -mu luniniiurs ui aomm- 

Hlermg large KtcnUfic programs. The corporation 
anticipates a level of research exceeding $20 million 
annually in five yetrs, with a permanent office stafT 
ol up to ten. Candidates must be able to work inde- 
pendently, with link ataff support in the first year, 
and havcsufhneni breadth and experience to estab- 
lish an efficient, functioning corporate office. Appll- 
cants should submit resumes ana names of at least 
Jhree references to: IRIS, I no, Department ED. 
gjnand. Avenue, N.W., Washington. D.C. 

IRIS is an equal opportunity employer. 

Extension SpecisJlBt-Biameteorofogv. University 
ot Arizona, Tucson, is seeking Diomcic urologist, 
continuing appointment eligible, at Assistant or As- 
Mctatc Specialist level. Incumbent will plan, estab- 
lish network of weather stations throughout the 
slate, supervise maintenance and render data suit- 
able for diem use. Will be Extension source for in- 
Jgpm on effects of weathcT on agricultural pro- 

A PhD in agricultural nr forest mcteorlogy. 
biometeoralogy or closely related metcoroltigical/cli- 
matological area u rerjuired. as well as knowledge of 
computer technology, data acquisition/prucessing, 
■nlormauon dissemination ; communication skills: 
ability to conduct statewide programs in the field. 

■ A PP , “ : * ,n }’» Ide will contain letter of intern and 
vita by 1 2— Ifl— 8-1, plus transcriius of grades and 
three current reference letters by l-fO-Hfi. All nui- 
tenals must be sent to: llounu P.Wra. Management 
Services Officer, Cooperative Extensinn Service, 
fcm AZ 11,1 llu,c ‘ University of Ariiona, luc- 

EF.O/AA EMPI.OYl-K. 

POSITIONS WANTED 

Geologist/Geochemisl. .1:1. M.A., Ph.D. 1981. Stic- 
cializmc m low irmperaliii-e geochemislrv and geo- 
chronology with extensive experience in Kb-Sr niimx 
s|jccimmcin-. Several pul ilic.il inns. Seeks industry, 
academic research, or government umiiiuii. Box 
U27. American Cki.pltysii.il Union. 2(KKi Flori.la Av- 
enue N.W., Washing ton, DC 2UIUV4. 



WIT h an equal 
opportunity/ 

ofllrmatiyi 

ompteyer. 




Announcements 

Water Resources 

Oct. 1-4, 1984 5th international Confer- 
ence on Water Resources Planning and Man- 
agement. Athens. Greece Sponsor Furopean 
Mctlitcirancuii Cniiiiiiisskui lut Water Plan- 
ning, Hellenic Republic Ministry of Research 
and Technology. (CLUiference Secretariat, 

Tit. Xanihopoulus, Division of Water Re- 
sources, National Technical University of 
Athens, 5. Zografou St.. GR-157 73 Zografou, 
Athens. Greece. 

Among the topics to be covered are under- 
sea springs and small coastal basins; island 
applied hydrology; evaluating and forecasting 
floods and droughts; water development in 
arid zones; and forecasting hydrological phe- 
nomena in real time. 

Thermosphere Dynamics 

October 3—5, 1984 Goddard Workshop 
on Thermosphere Dynamics II, Calverton, 
Md. Sponsor: NASA Goddard Space Flight 
Center. (Aleta E. Johnson, Laboratory for At- 
mospheres, NASA Goddard Space Flight 
Center, Greenbelt, MD 20771.) 

The meeting will assess current under- 
standing of thermosphere dynamics and 
identify new directions for scientific research 
in lhaL specialty. The emphasis of the work- 
shop will be on describing the structure and 
dynamics of the neutral thermosphere, and 
data recendy obtained from the Dynamics 
Explorer spacecraft and new measurements 
from ground-based facilities will be consid- 
ered. Among the topics to be discussed are 
thermospheric energization processes, long 
term variations and superrotaiion, gravity 
waves, mesosphere-thermosphere coupling, 
and planetary thermospheres. 

Front Range Branch 
Yellowstone Geology 

October 25, 1984 AGU Front Range 
Branch Symposium on Geophysics nnd Geol- 
ogy of Yellowstone, Golden, Colorado. Spon- 
sors: AGU Front Range Brandi, USGS, Co- 
operative Institute for Research in Environ- 
mental Sciences, U.S. Park Service, Colorado 
School of Mines- (Jo Ann Joselyn, AGU Front 
Range Branch, NOAA/SESC, R/E/SE2, 325 
Broadway, Boulder, CO 80303; tel.: '303-497- 
5147.) 

The deadline for submission of (onfc para- 
graph) abstracts is October 12, 1984. 

This symposium, open free of charge to 
the publlci. will feanire invited talks as well as 
poster sessions; Outstanding scientists in a . va- 
riety of geophysical disciplines wijl present re- 
sults of tjieir studies in the. Yellowstone area. 

In addition, interested parties' are encour-' 
aged to submit abstracts of papers to be pre- 
sented in two poster sessions. Topics will in- 
clude geochemistry 6f trace elements within 


the Yclliih-stciiie area's gn mud water, hvclru- 
logic analysis uf the ginutnl water system, scis- 
inutci.mn ics nf tltc Yellowstone area, mea- 
surements of tilt in i lie area .upl its ten. u tit 
iiucrpTrtaiinn. electrical studies m tltc Yd- 
Inwiioiic area, vtik.inolngii.al .studies ol the 
region, and heat How in the Yellowstone 
area. 

Groundwater 

Contamination 

, Noy. 11-16, 1984 Engineering Founda- 
tion Conference on Ground water Contamina- 
tion. Santa Barbara, Calif. Sponsors: The En- 
gineering Foundation. Universities Council 
on Water Resources. (Engineering Founda- 
tion, 345 E. 47ih St., New York. NY 10017; 
tel.: 212-705-7835.) 

Groundwater contamination continues to 
present problems and concerns to water users 
anil management agencies al alt levels. Solu- 
tions to contamination problems require a 
wide range of knowledge culling across many 
disciplines and sciences. This conference aims 
to identify critical groundwater contamina- 
tion issues and develop feasible approaches to 
providing solutions. TTie conference also will 
identify possible barriers to implementation 
of solutions and develop alternative ap- 
proaches for solving groundwater contamina- 
tion problems. 

Topics to be presented include sources, 
reasons, and impacts of groundwater con- 
tamination; groundwater hydrology; case 
studies; institutional, legal, and economic as- 
pects of groundwater contamination; preven- 
tion; physical and nonstructural solutions; the 
role of local, stale, and federal government in 
prevention; and identification of disciplinary, 
interdisciplinary, and multidisciplinary re- 
search needs. 

Quaternary Climatic 
Change 

April 14—19, 1985 GSA Penrose Confer- 
ence on Ceomorphic and Stratigraphic Indi- 
cators of Neogcne-Qunternary Climatic 
Change in And and Seniiarid Environments, 
Lake Havasu City, Ariz. Conveners: John 
Dohrenwend, USGS; Sieve Wells nna Les 
McFadden, University of New Mexico, (john 
Dohrenwend, U.S. Geological Survey, MS 
941, 345 Middlefield Rd„ Menlo Park, CA 
94025.) 

Those interested in attending should notify 
die convenors before November 30, 1984. 

Most of [lie conference will be devoted to dis- 
cussions, but those interested in presenting 
an oral paper or poster should submit a title ; 
and summary (of abstract length) by Novem- 
ber 15, 1984. 

The conference will examine the impact of 
climatic change on landscape degradation 
and associated alhivi&l, eolian, and lacustrine 
deposition in arid and semiarid environ- 
' menu. Recent advances in relative and “abso- 
lute" dating techniques, Quaternary paleocli-. 
matology, and continental sediraentology will ' 


he examined to establish an overall frame- 
work fnt disaissi.ui uf models ui kmdsi.ipe 
evolution and for widuiitiou ol geouitar|ihii 
ami sutiiigrnphii: indkiuors ul ilim.itu 
change. Scientists from a wide t.uiets <>l dis- 
ciplines are invited to .itlcml. in< hiding paleo- 
cliinatolgy. paleobotany, xedmiuntulcigt. gen- 
morphology, and radiometric dating. 

Soil Dynamics and 
Earthquakes 

June, 1985 Second International Confer- 
ence on Soil Dynamics and Earthquake Engi- 
neering. on board the Queen Elizabejh 11. 
Sponsor: Computational Mechanics Institute. 
(C. A. Brebbia. Computational Mechanics In- 
stitute, Ashurst Lodge, Ashtirsi, Southamp- 
ton S04 2AA England.) 

Deadline for abstracts (of no more than 
300 words) is November I. 1984. 

The conference will provide a forum for 
the presentation and discussion of netv and 
advanced ideas in soil dynamics and earth- 
quake engineering. Conference themes in- 
clude geotechnical earthquake engineering; 
engineering seismology; seismic waves in soils 
and geophysical methods; experimental soil 
dynamics; liquefaction of soils; dynamic earth 
pressures and design or earth retaining struc- 
tures; earthquake geotechnolog) in offshore 
problems; earthquake behavior of fluid con- 
tainer facilities; and case histories in geotech- 
nical earthquake engineering. 

Karst Water Resources 

July 7—19, 1985 International Symposium 
on Karst. Water Resources, Ankara and An- 
talya, Turkey. Sponsors: Karst Water Re- 
sources Research Center Project of Haccttcpe 
Univ., U.N., Turkish State Hydraulic Works. 
(A. Ivan Johnson, Water Resources Consul- 
tant, Woodward -Clyde Consultants, 7600 East 
Orchard Rd., Harlequin Plaza North, Engle- 
wood, CO 801 LI, or Guliekin Gunny, Hydro- 
geological Engineering Dept., Hacettepc 
Uniy., Engineering Faculty, Beytepe, Ankara, 
Turkey.) 

Notice of intent to offer a paper or attend ' 
the symposium should be sent to either of the 
contacts, Johnson or Gunay, as soon as possi- 
ble. 

Because of the unique problems associated 
with water resources development and con- 
struction in kar&tic areas, this syrrtyxMiiim Is 
organized to bring together international in- 
terdisciplinary specialists in karst. Turkey 
provides an appropriate location because of ' 
the quantity, variety, and importance of the . 
karstlc areas there. Among the subjects that 
may be considered for the symposium are |iy- 


other exploratory methods, land subsidence 
and sinkhole formation, remote sensing tech- 
niques, groundwater and surface-water hy- 
draulics and interpretation, engineering 
properties and problems, water-sikpply esii* 

Meetings (ami. on p. 712) 
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mu us September is, I9H4 
Meetings (rout, from p. ?//; 

mat ion, irrigation potential, and irrigation 
practice. 

IAGA Assembly 

August 5-17, 1S85 5lli .Scientific Assem- 
bly of the Iiiiemuiicmul Association of tieo- 
ntagnetum and Acmnomy (I AG A), Prague. 
Czechoslovakia. (Michael Gadsden, Natural 
Philosophy Dept., Aberdeen Lfniv., Aberdeen 
ABU 2UE, Scotland.) 

The assembly will indiulc a full program or 
scientific sessions involving all (lie following 
IAGA Divisions and Commissions together 
with two Commissions or the Inieriiaiiunal 
Association or Meteorology’ and Atmospheric 
Physics (I AM AP): Solid Earth Geomagnetism; 
Aeronomy; Magnetosphere; Solar Wind; Ob- 
servatories and Indices; Antarctic; History; 
Middle Atmosphere; Interim I/External Geo- 
magnetism; Developing Countries; Meteorol- 
ogy or the Upper Atmosphere; and Radia- 
tion. 

IAGA Working Group 1-5 (raleomagne- 
tism) has a ranged for a full day session on 
'‘Analytical Methods for Palcomagnetism" oil 
August 12. Among the possible topics for dis- 
cussion arc methods of generating APW 
paths i'rojn paler i magnetic data, methods of 
using APW paths to determine relative posi- 
tions of plates, methods of handling icnipur.il 
data such as those from sediment cures, mid 
special problems involving nrchiicontagnelic 
(lain. Those who wish to present papers at 
this session arc asked to contact C. II, A. Har- 
rison, School of Marine and Atmospheric Sci- 
ence, University of Miami, 41100 Kickenhack- 
cr Cswy, Miami, FI. 33 1 49. 


Future AGU Meetings 

Fall Meetings 


• Dee. 3-7, 11)8-1, San Francisco, Cali- 
fornia. Abstracts due .September IS, 198*1; 
call Tor [tapers appeared in July 3. 198-1 
Eos. 

• Dee. 9-13, I9H5, Sail Francisco, CUi li- 
forni.i. Abstracts due mid-September 
1985. 

• Dec. 8-12, 1988. San Francisco, Cali- 
fornia. 


Spring Meetings 


• May 27-31, 1985. Baltimore, Mary- 
land. Abstracts due early March 1985. 

• May 19-23, 1986, Baltimore, Mary- 
land. 


Regional Meetings 


• Front Range Branch Symposium on 
Geophysics and Geology of Yellowstone, 
October 25, 1984, Golden, Colorado. Ab- 


stracts due October 12, 1984; call For pa- 
pers appears in September 18, 1984 Eos. 

• Front Range Branch Hydrology Days, 
April 16-18, 1985, Fori Collins, Colorado. 
Abstracts due December 31, 1984 for pro- 
fessional hydrologists; February 15, 1985 
for students; call Tor papers appeared in 
July 24, 1984 Eos. 


Chapman Conferences 


a Vertical Crustal Motion: Measurement 
and Modeling, October 23-26, 1984, 
Harpers Ferry, West Virginia. 

• Solar Wind-Magnetosphere Coupling, 
February 12—15, 1985, Pasadena, Califor- 
nia. Abstracts due November 1, 1964; call 
for papers appeared in July 10, 1984 Eos. 

• Ion Acceleration in the Ionosphere 
and Magnetosphere, June 3-7, 1985, Bos- 
ton, Massachusetts. 

• Mngnctotail Physics, October 28-31, 
1985, Laurel, Maryland. 


The last Geophysical Year calendar ran 
August 28, 1U84, in Eos. 


Cali 800-424-2488 
to receive the latest 
edition of AGU's 

Publications Catalog. 


If you have a question 
about your AGU book or 
Journal order, 
call 800-424-2488. 
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8 AN FRANCISCO ‘DEC 3-7 
A8LO WINTER MEETING gvjigg 




Housing and Registration 

The 1984 Fall Meeting of the American 
Geophysical Union and the Winter Meeting 
of the American Society of Limnology and 
Oceanography (ASLO) will be held in San 
Francisco, December 3-7, at the Civic Audi- 
torium. 

San Francisco has been host to AGU’s an- 
nual Fall Meeting for many years. If you 
have attended previous Fall Meetings, you 
know what a pleasing city San Francisco can 
be— line restaurants, temperate December cli- 
mate, and the charms of Chinatown. Gliirar- 
delli Square, Fisherman's Wharf, Nnb Hill, 
and North Beach. San Francisco is an elegant 
city, offering a rich blend of stylish hospitality 
and hometown amiability. By any measure, 
Sait Francisco is an ideal backdrop for this 
year's scientific sessions. 


Registration 

Everyone who attends the meeting must 
register. Frvregniniikin received by Novem- 
ber 9 saves you time and money. The fee will 
be refunded to you if AGU receives written 
notice of cancellation by November 30. Regis- 
tration rates arc as follows: 


Preregis- After No- 
tation veniber 9 

Member (AGU/ASLO) $70 $85 

Student Member (AGU) $30 $45 

Retired Senior Member* $30 $45 

(AGU/ASLO) 

Nonmember $95 $110 

Student Nonmeinber $40 $55 

♦Age 66 or over and retired from full-time 
employment. 

Registration for 1 day is available at one 
half the above rates, either in advance or at 
the meeting. Members of the American Con- 
gress on Surveying and Mapping, the Ameri- 
can Meteorological Society, the American So- 
ciety of Photogrammetry, the Canadian Geo- 
physical Union, the European Geophysical 
Union, and the Union Geoflsica Mexicana 
may register at the AGU/ASLO member 
rates. 

If you are not a member of AGU and you 
register at the full nonmember meeting rate, 
the difference between member (or student 
member) registration and nonmember regis- 
tration will be applied to 1985 AGU dues if a 
completed membership application is re- 
ceived at AGU by February 28, 1985. 

To preregister, fill out the registration 
form and return it with your payment to 
AGU by November 9. Preregiatrants should 
pick up their registration material at the reg- 
istration desk located at the Civic Auditorium 
in the Main Arena. Your receipt will be in- 
cluded will) your preregislration material. 
Registration hours are 7:45 A. M. to 4:30 
P.M., Monday through Friday. On Sunday, 
December 2, registration will be held at the 
Cathedral Hill Hotel. You may register from 
4:00 P.M. to 8:00 P.M. 


Hotel Accommodations 

Blocks of sleeping rooms are being held at 
the following hotels: 

• Cathedral Hill Hotel ($51 single/555 
double) 

Free parking to registered guests 
Limited shuttle service to and from the 
Civic Auditorium 
Airport shuttle service available 


Coffee shop opens 6:30 A.M. 

• Holiday Inn Golden Gateway ($49 single/ 

$55 double) 

Free parking in registered guests 
Limited shuttle service tn and from the 
Civic Auditorium 
Airport shuttle service available 
Coilee shop opens (1:30 A.M. 

• The Grosvcnor Inn ($49 single/ 

$55 double) 

Limited shuttle service to and from die 
Civic Audiiorituu 
Airport shuttle service available 
Coflee simp opens 7:0(1 A.M. 

• The Holiday Inn Civic Center ($49 sin- 

gle/355 double) 

Two blocks away from the (Jitfic 
Auditorium 

Free parking to registered guests 
Airport shuttle service available 
Coffee shop opens 6:30 A.M. 

• The San Franciscan Hotel ($50 single/ 

$56 double) 

One block away from the Civic 
Auditorium 

Airport shuttle service available 
Parking $3 a day to registered guests 
Coffee shop opens 6:3U A.M. 

• Carriage Inn Hotel ($52 single/ 

$54 double)- 
Victorian style inn 
Free parking to registered guests 
Walking distance lu the Civic Auditorium 
Shuttle service available to airport 
Free continental breakfast and 
newspaper 

• Americania Hotel ($49 single/$54 double) 
Free parking to registered guests 
Walking distance to the Civic Auditorium 
Shuttle service available lo airport 

Free coffee served in sleeping rooms 

• Flamingo Motor Inn ($43 single/ 

$43 double) 

Free parking to registered guests 
Walking distance to the Civic Auditorium 
Shuttle service available to airport 
■ Hotel Britton ($35 single/$38 double) 
Inexpensive parking available lo 
registered guests 

Walking distance 10 the Civic Auditorium 
Coffee shop opens 7:00 A.M. 

Shared baths 

The Cathedral Hill, Holiday Inn Golden 


RETURN THIS FORM WITH 
PAYMENT TO: 

Meeting Registration 
American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 

Or Call; Toll free 800-424-2488 
or 

Meetings 202-462-6903 
PLEASE PRINT CLEARLY 
NAME ON BADGE 


AFFILIATION (for badge) 


AGU 1984 Fall Meeting 
DECEMBER 3-7 

San Francisco, California 
ASLO WINTER MEETING 

REGISTRATION FORM 

Deadline for Receipt of 
Preregistration 


| November 9, 1984 | 

(rates applicable only if received by November !) with payment) 


MEMBER 

STUDENT MEMBER 


More ihsm 
one day 
□ $70 
D $30 


♦RETIRED SENIOR MEMBER □ $30 


MAILING ADDRESS 


NONMEMBER 
STUDENT NONMEMBER 


□ $95 


One 

day 

□ $35 
D $15 

□ $15 

□ $47.50 


□ $40 □ $20 


TELEPHONE # 

HOTEL 

Days you plan to attend 

Please check the appropriate box(es) 

□ Mon □ Tues □ Wed DThur DFri 

Please check appropriate box. 

Members of ASLO and the cooperating societies may 
register at AGU member rates 

□ Member AGU □ Member ASLO 
Member cooperating society 

□ AMS-American Meteorological Society 

□ ASP*American Society of Photogrammetry 

□ ACSM-American Congress on Surveying and Mapping 

□ EGU-Enropean Geophysical Union 

□ UGM-Union Geofisica Mexicana 

□ CGU-Canadian Geophysical Union 

Nonmembers 

If you register at the full-meeting non member rate, 
the difference between member (or student member) 
registration and non member registration will be ap- 
plied to AGU dues if a completed membership applica- 
tion is received at AGU by February 28, 1985, 

Preregiatrants *. 

Vour receipt will be in your preregistyation packet. 
The registration fee will be refunded }f written notice 
of cancellation is received in the AGU office by No- ' 
veipber, 30. The program and ! meeting abstracts will i 
i appear in the November 6 issue of Eos 


•Age 65 or over and retired from full-ilmc employment 

SECTION LUNCHEONS 

Circle section and indicate number of tickets. All 
lunches begin at noon. 

Geomagnetism and Paleomagnetism, Tues- 
day, $11.50 

Planetology/Volcanology, Geochemistry and 

Petrology, Tuesday, $1 1.50 

Seismology, Tuesday, $7.50 

Geodesy, Wednesday, $1 1.50 

Ocean Sciences/ ASLO, Wednesday, $11.50 

Solar-Planetary Relationships, Wednesday. $1 ^ 

Atmospheric Sciences, Thursday, $1 1.50 

Hydrology, Thursday, $1 1.50 

Tectonophysics, Thursday, $11.50 

Total Enclosed $ — — 

(All orders must be accompanied by payment or 
credit card information. Make check payable to AGU 4 

□ American Express 
Charge to: □ Visa 

□ Master Card 

Card Number ' ■ — : — ir~ 

Master Card Interbank No — - j f ' ." "V 

Expiration Date ' : T“ ' . 

Signature ^ — rf -~. — ’ • 






Office Uie , • 

'• .'<• " i,; . CheokNo!. 


-r-’ 


September 18, 1984 EOS 


Gateway, and the Grosvcnor hotels are ap- 
proximately a mile away from the Civic Audi- 
torium. Limited shuttle bus service will be 
provided from these hotels to the Civic Audi- 
torium for those who do not want to walk. 

Read the housing application and mail the 
completed application form to the housing 
bureau early to ensure reservations at your 
preferred hotel. Reservation forms must be 
sent directly to the Housing Coordinator, 

AGU Fall Meeting. San Francisco Housing 
Bureau. P.O. Box 5612, San Francisco, CA 
94I0I. Do not send housing reservation 
forms to the hotel. 

Reservations must be received by October 
31 to be confirmed. Do not write or call AGU 
for room reservations. 

Scientific Sessions 

The program summary will be published in 
the October 16 issue of Eos. The preliminary 
program with die abstracts will be published 
in tne November 6 issue of Eos. The final 
meeting program, with presentation times, 
will be distributed at the meeting. All scien- 
tific sessions will be held at the Civic Audito- 


Exhibits 

Exhibits of instrumentation equipment, 
book publishers, program of government 
agencies, and other exhibits will be located at 


exhibits will be open TucsdaylTcwmber 7“ 
Derember 6 * 9:00 

da7e: 6 exhibitors are confirmed to 

Academic Press 

American Congress on Surveying and 

Mapping 

American Society of Limnology and 
Oceanography 
Earth Data Limited 

Elsevier Science Publishing Company. Inc. 
Jet Propulsion Laboraiory/TOPEX Project 
Kinemetrics, Inc. J 

Kluwer Academic Publishers (D. Reidel) 
National Science Foundation 
Nature’s Own 
Pacific Delight 

Qualimeirics. Iitc./\Veaiherironics 
Schonstedt Instrument Company 
Sea-Bird Electronics, Inc. 

Sprengnether Instruments 
Springer- Verlag, New York Office 
Teledyne Geotech 
Terra Technology Corporation 
U.S. Geological Survey 

Social Functions 

All meeting participants are invited to at- 
tend these events: 

• Icebreaker party 
Monday, 6:00-7:30 P.M, 


Holiday Inn Gulden Gateway 

• Wine Reception 
Thursday. 6:00-7:30 P.M. 

Cathedral Hill Hotel 

• Complimentary refreshments will be 
served daily at the Civic Auditorium 

Business Meetings and 
Section Luncheons 

The AGU Council will meet Tuesday, De- 
cember 4, at 5:30 P M., at the Cathedral Hill 
Hotel. Members are welcome to attend. 

ASLO will hold a no-host smoker (cash 
bar), Tuesday, December 4, at 5:30 P.M., at 
the Cathedral Hill Hotel 

The section luncheons will be held at the 
San Franciscan (SF) and Holiday Inn-Civic 
Center (HICC) hotels. Please indicate on the 
registration form which luncheon you plan to 
attend and include payment. 


Do you know 
a colleague who 
would like to join AGU? 

Call 800-424-2488 
and request membership 
applications. 


AGU Council Meeting 
Tuesday, Decenilier 4, 5:30 P.M. 
Cathedral Hill Hotel 

ASLO No-Host Smoker 
Tuesday. December 4, 5:30 P.M. 
Cathedral Hill Hotel 

Tuesday, December 4, Noon 
Geomagnetism and Palcoinaanciism 
(HICC). $11.50 

Pla nclology/V olca t tolog y , Geochemistry, 
and Petrology (SF), $1 1.50 
Seismology (SF), $7.50, Speaker: Wil- 
liam L. Ellsworth, USGS; Topic: “We Are 
Closer Than Von Think to Earthquake* 
Prediction” 

Wednesday, December 5, Noon 
Geodesy (SF), $1 1.50 
Ocean Sciences/ASLO (SF), $1 1.50. 
Speaker: Dr. John Imbrie, Brown 
University; Topic: "Climatic and Biotic 
Response (o Long-Term Changes in the 
Earth’s Orbit” 

Solar Planetary Relationships (HICC). 
$11. 50, Speaker: Fredrick L. Scarf, TRW; 
Topic: "Solar- Planetary Programs 1995- 
2015: A Plea for New Ideas" 

Thursday, December 6, Noon 
Atmospheric Sciences (SF), SI 1 .50 
Hydrology (HICC), S 1 1 .50 
Tecmnoplivsics (SF), $1 1.50. Speaker: 
Dr. Barry Raleigh, Director, L-DGO 



SAN FRANCISCO • DEG 3-7 


ASLO WINTER MEETING 


j HOTEL ACCOMMODATIONS j 

| PARTICIPATING HOTELS ! 


Carriage Inn 
($52 Sing!e/$54 Double) 
140 Seventh Slreel 
(800) 227-4368 

Americania 

($49 Single/$54 Double) 
121 Seventh Street 
(800) 227-4368 

Flamingo Motor Inn 
($43 Single/$43 Double) 
J 14 Seventh Street 
(800) 227-4368 

Hotel Britton 
($35 Single/$38 Double) 
112 Seventh Street 
(800) 227-4368 


Cathedral Hill Hotel 
l$5l Single/$55 Double) 
Van Ness at Geary 
(800) 227-4730 

Holiday Inn Golden 
Gateway 

($49 Single/$55 Double) 
1500 Van Ness Avenue 
(415) 441-4000 

Grosvcnor Inn 
[f 49 Single/555 Double) 
Van Ness at Geary 
(415) 673-7411 

Holiday Inn Civic 
Center 

£*o.?2 8le/S5S Doub,e ) 

o'h Street 

(415) 626-6103 

?«« 1 ^ flnc,scan Hotel 
($50 SingIe/556 Double) 
j" 3 ' Market Street 
(415) 626-8000 


All hotel reservations must be made on the 
housing form by October 31, 1984. No tele- 
phone request will be accepted. Confirmations 
will bz mailed directly to registrants by the in- 
dividual hotels. A first nights deposit may be 
required by the hotel to guarantee your room. 
Changes and cancellations should be made di- 
rectly to the hotel, ' 

Mail your completed housing form directly to: 

Housing Coordinator 
AGU Fall Meeting 
San Francisco Housing Bureau 
P.O. Box 5612 

San Francisco, CA 94101 ' ; 


8S American Geophysical Union ® 

1984 FALL MEETING 

ASLO WINTER MEETING 

HOUSING REGISTRATION FORM 

READ CAREFULLY and RETURN FORM DIRECTLY TO THE SAN FRANCISCO HOUSING 
BUREAU AT THE FOLLOWING ADDRESS: 

Housing Coordinator 
AGU Fall Meeting 
SF Housing Bureau 
P.O. Box 5612 
San Francisco. CA 94101 

Please prim or lype all information, abbreviating as necessary. Confirmation will he sent hv the hotel to 
ihe individual named in Part I. II mure than one room is required, (his form may be photocopied. 

Part 1 

REQUESTOR 


Name nf Cumpuny nr Firm 


Streec Addics* or P.O Bn* Number 


Zip-U.S. A. 


Telephone Number 


Part II 


INSTRUCTIONS: Select FOUR Hotels of your choice from the list of participating facilities, then 
enter the name on the lines below. 


First Choice 


Second Choice 


Third Choice 


Fourth Choice 


NOTE: Rooms are assigned on a "First Come, First Served" order, and if none of your 
choices are available, another facility will be assigned based on a referral system. A cut-off 
date is in effect; your application may not be processed if received after 14 days prior lo 
your arrival date. AGU housing registration deadline Is October 31. 

Part III 

INSTRUCTIONS: 1. Select type of room desired with arrival and departure dates, •; 

2. PRINT ox TYPE names oTALL persons occupying room. 

3. If more than two persons share a room, check twin and the hotel 

will assign two double beds. - 


CHECK ONE 

Q SINOLD (Rncm Wuta oiw bed one pdnu) 

□ DOUBLE (Room wilh doc bed 1*0 pennu) - 

□ TWIN (Room *idi two bedi no pemini) 


Arrival Date. 


Arrival Time 


Departure Time . 


Oueil Nnmn ll-osl name fire!) 


IMPORTANT NOTE: Hotel MAY require a deposit or some other form of guaranteed arrival. If so; 
instructions will be on your confirmation form. 
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AGU Membership 
Applications 


Joseph E- Murphy (S). K. S. Murty (V), Vasa- 
pollo Nazrarcno (S), Else-R. Neumann (V), I. 


Applications for membership have been re- 
ived from die folk mine individuals. The 


ceiveu from die following individuals. The 
letter after the name denotes the proposed 
primary section affiliation. 


A. Owoade (H), Nikolai Petersen (CP), Hans- 
Peler Plag (O), Mark N. Porlncy (S). 

Ole Remitter (C), Keidi P. Shine (A), G. M. 
E. Silla (V), James R. Simpson (H), Paul 


Steele (A). Ting- K lie i Tsay (H), John C. Wat- 
son (S), Michael J. Whilicar (V). Mary Zin- 


gross (S). 


Dean Abraham sun (A), Takao Aizawa (S), 
Hiroshi Aniemiya (P), Vedat Dam (H), Mi- 
chael J. Bitner (H), Ellen D, Drown (O), Mar- 
tin M. Cassidy (T), Shih-Huang Chieh (H), 
Steven J. Deverel (H), Brian Dewing (G), M. 
P. Dickenson (V). 

Patricia L. Franco (O), M. S. A. A. Ham- 
mam (A), James P. Iinmiit (V), Avncr Kessler 
(H), Don P. Kredel (A), Theodor Landscheidt 
(SS), Steven W. Leavitt (A), Gerard M. Leies 
(S), Bruce A. Levcnthal (H). 

L. I. Mama It (V), Sicrana M. Maiarazza (T), 
Berncl Milkereit (S), Shigcyuki Minami (SS), 


Students 


Jeffrey Barbara (O), Christopher Brown 
(O), Glenn R. Brown (T), Guy R. Cochrane 
IT), Geoffrey D. Collins (S), Jong Won Eun 
(SA), Kerry Gallagher (T), C. Susan B. Grim- 
mond (H), David S. Guizler (A), C. K. Keller 
(H). 

Wei-Wci Li (SM), A-A.M. Saif (H). Muham- 
mad Saquib (H), Graham J. Sherwood (GP), 
Bryon D. Sinclair (V), Philip J. Stooke (P), 
Bruce Tstttsui (O), Robert MacWiliiams (V), 
David Whittington (V). 



Separates 


To Order; The order iiiiiiilitT c.m Iw 
found at the end uf each uhstruct; me all 
digits when »t during. Only pajicrs with 
order numbers are available hum AGU. 
Cost: SD.fiO for the lint article and $ 1 . 01 ) 
Ibr each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 


Send your aider tn: 
American Geophysical Union 
‘Jut 1(1 Florida Avenue. N.W. 
Washington, D.G. 'JUiuiO 


Exploration Geophysics 


0320 Magnetic anl •littriMl nlhod) 
canpur*riu* or •cheek's tensor integrals for 
TH flgE-CHMIHilWAL ELKCTRnKAGNLTIC PRO I U Hi USlKij FAST 
KANKFL TRA.T, F'MHB 

Ha Iter l. an linen CU.S. Csulugirsi Survsj, Boa Horn, « 
364, Dnwsr Frier <1 iVncsr , Caovcr , i'O 

A .i«» orLhui [> prrxnirJ Itil rapidly rflliMLii r hr 
•any Cma'i isnsar intavgrala nutiiniartd to 
chraa-dlaant tonal alert ronagnet if medallng using an 
Integral aquation. Application at a la at Haikal transform 
(FSVt aider 1 1 hn lAndoraon. 14ft! I la rha bam lac tha nsv 
a.il ji 1-m, vtisrr efficient and accurate coapulat i-iii of 
Hank el crlnilarai ara obtained by relaird and Isggsd 
convolution* ( I maar digital filtering). Tha FHT 

algordha Ii briefly revises! and compared to earl tar 
convolution algorithms written by tba author. Tha 
homogeneous and layered half-space caaea tar the Orion 1 ■ 
cenaor tntagrala ara presented in a Fora to that the FHT 
can be aaally applied in practice. Computer lining runt 
comparing the TUT to convent Iona I direct convolution 
■at hod » ara dlicuaaad, (Alfa Iba FHT* a performance ual 
about 6 dost laatar lor a bonogenaoua hilf-apace, and 
ibiut I0B itaaa laatar (or a five-layer bill-apace. 

Subtenant inter pot at Ion altar tha TUT ia called ii 
raqtrad to coapota specific waluea of tha tenaor 
integrals at lalected transform arguments; however , dm 
to tha relatively avail lagged convolution Interval uaad 
(aaoa aa tha digital filtar'a), a alapla and fatt 
Interpolation la lufficleet ta.g., by cubic aplinea). 
ceofuysici, m. *9, no. io 


0920 Hagaatde and electrical aathada 
HACNtWmUMC KEASUHTHFHTS ACROSS TUX USIDg 
HtnVOLCABIC USE IH BOOTH ICELAND 
H. lyaiainason (Dafarlunc at ecological Idncre, 

Brown Vulvar city, Providence, R1 02912) J. I. Hananca 
A magne total lurlc (HI) aurvay c coals Uni at 18 
separata aeundtnga waa performs 4 La 1912 ting a 12J km 
profit a creasing tha eastnnz ntovelannle tone In aoDth 
Iceland. Although the 3-D ocean affect uy la algal- 
fleam at ilia Icngcat parloda which pccwloug workers 
have analysed to aiudy faaturaa in tha uppir uni la 
binaalb Iceland, au* studies euggaat chat lb la efface 
la nln Inal let period* leaa than 1000 ■ at dlacaneai 
greater than SO ha fro* the caaac, Thera lot a, ire ate 
confidant that 2-D lntarpraiatlona ere valid at parlcda 
auitabla for Interpreting ccuataL raalatlvltlra. Such 


a 2-D Interpretation prcaantad hara Indicate a tba pre- 
tence of a layer CM la thick) ot law leslailvlty 


J. Cmophye. Baa. , 8, Paper AM 1 52. 


002(1 Kagnoilc and alrclrieal aathada 

THE 1HFLUEBCE OP PORE GE0HF.TRY n K THE DIELECTRIC 
DISPS1S10H OF CLFAH SAHntTOHlS 

I. Xurrlaga (Chevron OH Field Raaaareh Cuopsny, P.O. Em 
AAA, La Habra, CA «a«lll 

In an Ideoliiad doacrlption a clean eandetane la an 
laotraplc tai-tnpininl nadliai conatating of a solid ulth 
dlalactric cnnaiant c ( anl a pnra fluid (bring) with 
dlolactrlc coulant c and c-sduEtlvlly i . On rho haala 
of D. Bsrgnan'a work |Anaala of Fhyalca 111, 78, 1 982 1 
I ha dioloctrir raiponaa at aurh a nudiua la aapraaaad In 
(oraia of tha dc conductlviiy and of a real, paalliva and 
b).jsJiid fun.-tloo. defined In <1, 0' 1 and Indapundant uf 
f ( , l , and s . Thia function la raatrlctad by three 
raise lone idilfh atprea* weighted avarsgai ol it In tarna 
of the aamplotlc value of tha dialed rlc reapunae at 
high fiaqdancy, the poroaliy, end tha dr conductivity. 

Tie lorailln la enact for tucr-caaponan nadia of the 
typa apacified. It aupplaewnta an approalaaia traataant 
by Lrana (198)1 and can, without ouch difficulty, be 
general [and in any Inotropic tub-ccrapunant ccopaaitoa. 
CEOPHTSICL, VrtL. 69, HD. 10 


0920 Hdgnallc and electrical oathoda 
AH INTERPRETIVE A HALTS 18 OF KAGHETOTELLURIC DATA 
R.P. RanjgjaaT(kl (Hubll leaearch and Oowulopaenr 
Corparolinn, Dallas Roaaarch Division, P.0. ln« 819DA7, 
Dallas, TX 79)811 

A aiaplo analyala In Joterolna the diouna lanal tty al 
aagnecotallurlc realatlvlty variations, to asperate the 
near-surface raalativity variation fraa the ear lat Inns at 
depth, end ro find die relative realatlvlty variation! 
ulth depth it daecrlbad. Paraaatara derived Iron the 
Olgas t ot«l lurlr lnpodanca tenaor ara napped In 
paoudo-iect ion and planar viau Tor two-d locus Iona 1 1 2-0' 
nods I data and far survey data fron Nvntana. Three data 
Illustrate pruredursa that can quo I Itat Ival v aap coaplat 
rail at I vie r llmrl uri-a in the lit aril .IIMWcfiaqiislrv 
duaakn or, equivalently, tbr lateral dlatancu-acaled 
vertical dlataoca doula. Phut-de panda at parurtir, have 
battar vertical raaolucloo than paraaatara related to 
scalar apparant raalativity, but tba latter allow 
astiaataa of tha r aalat 1 vlt iva ancountared. Pbaaa 
parineLera for tha Hontana data provide a 
aralquant Itat IvaLy accurate c roai-aact I on ol a 
geological It known anticlinal ilructura. This augguata ■ 
aaana of subsurface Itructural napping with 
nagtetotellurir data. Tha use of tbwas paranatura ulth 
sufficlantly dense and accurate data provides a 
first -older lad (cat Ion of atructurs for subsequent 
quantitative nodal ing. 

GEOPHYSICS, VOL. 43, HO. 10 
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TW-OIMEHSIOHAL US1ST1VITT UtVCRSION 

A.C. Tripp CForuarly Umvaralty of Utah, Salt Lake City, 

UT-, praaaotly AHCO Oil and 8aa Co., P.0. Baa 2819, 

Dallas, ti 15221 ) C.V. Rohaa-in, and C.M. Swift. lr. 

Raalativity data on a profile oft an or-iat be Interpreted 
in Larva of a caaplaa rwo-dluena I and I (2-D) nodal. 
Hrnnvar , trial -and -error aodaling for inch a rasa can ba 
vary dilfleull and frustrating. To biki intar prat at [on 
eaadar and oiri object Iva, va haw* davalapad • nonlinear 
Invar a Ion lacbnique that aitluatea tha (salt twit iaa of 
calls io a 2-0 ovdel of predeteraaaad gaonetry, baaed aa 
dl pole -dipole raaial Ivlty data. 

Our nunarleal aolutlao far (ha forward pidblaaa is baaad 
un tha traainlaa lan-aurfaca analogy. The partial 
derivative! of apparent italativity with reaped to soda] 
raaiat ivitloa are equal to a ample function of the 
currants aaciiad In the tranaw is lion aui face by 
tranaallcera placed at race! war and trananiltar at tea. 
Him, fur tha dtpala-dipalt array the invaraian roqulrat 
only one forward p rotten per iteration. Vr uao tha 
Boa-Kanenatu nachad in stabllta tha paraastar atap at 
each Iteration. 

He have tasted our invert loo tuchnlqua an synthetic aod 
field data, la both caaea, convargenca ia rapid and the 
settled io practical if tha nuabor of paraaatara (a not 
Iso large. The alin tlailaliana af the nvthod ara that 
the gaiwtrp of the ndal nil ba apacifiad In advanra, 
and that It la dilfleull tn detaralna wbether aodai 
■ lafit ia due ta 1-D aEfe.-ta ot lo uoJarpjrawacariiaiion 
in Che 2-D nodal. Tha technique should ba uaad 

interactively, ulth aaiali const ralaed by geologic 
in for nit ton. 

GEOPHYSICS, VOL. 69, HO. ID 
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IDIUTIOB 0T THg FOHDAKEHTAL PB0BLEH IH RESIST IV ITT 
UKCIHG Him A HYBRID HETB0D 

Uung Tseng (Forwarly Electrical Engineering Dept., Texas 

AAH Uniraraily; praaaatly Dapt . of Electrical 

Engineering, University of tfaahlngton, gaatlla, HA 981 4M 
Andrew K. Cbaa, and Stanley Glaaiaro 

Tha fuadaaonLal raiiatlwity loggiag prableu of a 
raalativity tool In tha preaanca of both vertical and 
horixuotil bounder La a ia solved with a hybrid machod. Tha 
hybrid MEled coabinaa tha soda concept io wave-gui.]a 
theory together with the flnila-alanant art had. In the 
oachaatical foraulatioa, tha horizontal boundariaa ara 
oaad to aoparata tha gaoeatry or tha problem into 
different regions. In each region, tba waveguide aodai 
ara obtained through tha solution of an equivalent 
variational problaa. Tha saint Iona ara calculated by a 
aar-d inane lanal Elalta-alawant eat had. The verticil 
boundariaa ara taken into account in tboac calculations. 
The arthoaornal Icy of aodaa in each region a I Iowa a 
aeries ra pi fieri at Lon of tbe potential la tba regions. 
Boundary conditions at horizontal bad boundariaa than 
coupla the nodes between different regions aad aoable tha 
aoLutioo* for tba potential to ba aapraaaad In laraa of 
reflection and tranaaiaalon aatrlcaa of aodaa. Tha source 
licit alien dat trains a tha aapiltudea of the nodes. 

Tha result ■ of tha hybrid method ara In esc a 1 lane 
agreement with those of tha Integral tram fora solution. 
Hubs rival raaulta of tba apparent raalativity ara 
illustrated aa a function of tarmac Ion properties. Tha 
affacta of an Invaded ions ara alao aaanlnad by 
coasidar lag radial Inhnmoganaoua profiles In tha 
format loo . 

Tha raaulta of tba hybrid nachad ara numar {rally 
■iriclant barauta It rwdncia the two-dimensional 
flnita-aleaent prableu into a ona-d laanalonsl ana. It 
alao plow Idas a physical Interpretation of the aulutloo 
in cerma of eodai. 

GiOPflYSICB, VOL, 69, HQ. 10 
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IWEdS"}" 8 ^ 0 ** 1 TK IOC IT 118 ADD R1COVHRY Of THE ACOUSTIC 

D.H. Oldenburg (University of Britlah Coluubla, 2021 
Vast break Hill, Vancouvar, I.C. , Canada ?6T IHS) 8. Uvr 
and E, lt|m» ’ 

The loaa of low-f vaquaney information in reflection 
aniamigroai eausaa aarioua dirricultiaa whan attempting 
to gnnsratt a full-band lupadanca proflla. Information 
abuui l ha Inw-fraquwnry value Icy atrurtura la available 
from rma {at ark I ng ualaeitln). ua show how rue 
■aloclrlaa can b* invartsd with additional point velocity 
Cilaatralnta (If they ara available) to corner uct althar 
tnooth or blacky velocity structures, lackua-01 Ibart 
averagta of the conatructad velocity are than 
autor.gresalve aolullona for recover log a full band 
rallectivlty frva hand-llulttd aaliaograai. Our final 
result la therefore a full -band acoustic lapedanca vhlch 
la conttoimi with the aaltnic data section, atarklng 
valacitlet, end aval labia paint conttrafnti. 

GEomraics, vol. a», m. io 


(J oba-m) at the orual-monCte in tar face <10-20 km daptb). 
Tba depth la tble layer iscuuaa fro tha can tar of 
tba ne avoir ulc anna, ibis frscuza has bain laan 
aliewbsra lo icalaitd by other workara. Sever a r tba 
priaent study atggaata that ease af tha aaovalcanlc 
int tba lev raalaklwity layer fa not pzaaaat, which 
wa him My be uiMUUd with a recast eastward 
■hirt.af tha axial rift km to a now Imtiem within 
aldar’cruat. A striking feature of our 2-D eroatal 
lota rpra tat loo ta that patltii of Jm, raalativity 
BBC a rial appear t« ba praaani at approntaaialy 8 ka 
depth at tba loaa af tba cruel beneath tbe two volcanic 
cratara that n hava atudjad. TorfAJukull and Hekla,- .. 
These may ba aullMlitlcaa of local aagas chambers. 
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FUR-HAVE IB FLEET 108 C0EFF ICIEHTS FOR DAB SAIDS AT 
HDHlKiUlAL AW LIS OF IHCIDOKS " 

H.J. Dliaander (Chevron U.B.A. , Ina., 200] Dlaaoad 
■oulavard. Concord, OA «4»0) • 

The P-wara ralleatlon coeiflriant at «a intorfaco 
aaparitlag Ivo Bad I a la blown to Vicy.Hlth angle of 
incldaaca. Iba Banner la vhlch it Varies la atronala 
arfected bp the telatlve valaao of Fqluan'a ratio [nthi 
two madia, f« modarat, angl., „f ^nei Santa, rb. n Win 
*" I » ,1 »etlo«i eoalflnlont (a particularly 
Ih! n !» SJ jn!" !'* * f»tlo' d(ff*r. gr.atly bat-.d!! 

hluh-anoaltv «•« 


Folaaea a ratios. Eabaddlag tkeaa low-vdocity ga, \zoda 
Into wdiMaf. having -Waal- m ’ 0 ‘, 

• • ' '' *■ • ’ .( • • 


SPECIAL AIRFARES 
AGU 1984 

FALL MEETING AND 
ASLO WINTER MEETING 

San Francisco,. California • December 3-7, 1984 




Special discount airfares have been secured for this meeting. Available from 
most cities within the continental U.S., the special airfares are lower than coach 
fares and In many cases lower than super saver fares. Available from more than 
40 cities, these fares have unrestricted minimum stay requirements and no ad- 
vance purchase. These special coach fare discounts are valid from November 
28-December 12, 1984. 


Tickets can be reserved and purchased only through CONFERENCE AIR 
SERVICES (CAS), the official air traffic coordinator for this meeting, To reserve 
your flight to San Francisco using these discounted fares, call Conference Air 
Service toll free 800-336-0227 between 9:00 am and 5:30 pm EST, Monday 
through Friday {or In Virginia and Washington, DC area call 528-01 14). CAS 
will Instantly confirm your reservation on an available flight at the best airfare 
consistent with traveler requirements. 


Below is a sample of the round-trip airfares that are CURRENTLY AVAIL- 
ABLE TO AGU attendees as of August 1984 with the special discount fares 
alongside. Since ALL FARES ARE SUBJECT TO CHANGE WITHOUT NO- 
TICE, PLEASE CALL EARLY. Only sample cities have been listed below. 
PLEASE CALL CAS for the applicable discount fare from your home city. 


Round Trip Airfares 
To San Francisco 

Regular Coach 
Fare 

AGU Convention 
Discount 

BOSTON 

$952.00 

$431.00 

CHICAGO 

796.00 

407.00 

DALLAS/FT. WORTH 

700.00 

351.00 

NEW YORK 

938.00 

463.00 

WASHINGTON. D.C. 

912.00 

408.00 


NOTE: In the event of an increase or decrease in published 
airfares, the AGU special fare will remain lower! 1 


Chapman Conference 
on Vertical Crustal Motion: 
Measurement and Modeling 


A Chapman Conference on Vertical Crustal Motion: Measurement 
and Modeling will be held October 22-26, 1984, in 
Harpers Ferry, West Virginia. 

Convenor: William E. Strange 


This conference will bring together scientists who measure vertical crustal 
motions and those who analyze and model these motions with the primary 
objective of obtaining close interaction between the two gr6ups. Emphasis 
will be on vertical crustal movement in North America. Questions to be 
addressed will be (1) What are the accuracies and error sources associated with 
each data type? (2) What is the extent of the current data base? (3) How 
accurately do we know vertical crustal motions in North America? (4) What 
are realistic expectations of contributions from space systems and other new 
technologies in the next decade? (5) What Is the current status of modeling 


vertical crustal motions? (6) How important Is vertical motion information to 
understanding and modeling earth dynamics? (7) What arc the measurement 


understanding and modeling earth dynamics? (7) What arc the measurement 
requirements to support modeling and analysis in terms of temporal and 
spatial density and accuracy? (8) What are the most critical deficiencies of 
vertical motion data relative to modeling and analysis? 


For housing and registration 
Information contact: 


For program information contact: 


AGU Meeting Department 
2000 Florida Avenue, N.W. 
Washington, D. C. 20009 
(202) 462-6903 


Dr. W, E. Strange 
NOAA/NOS/CNGS/NGS/N/CGH 
601 Executive Boulevard 
Rockville, Maryland 20852 
(301) 443-2520 


Registration Deadline 

October 1, 1984 


Registration Fee $75 


Housing 'Deadline 

September 21, 1984 

Single $38/Double $42 
Call the Cliffside Inn directly 
at 304-535-6302 


raauli la in Ineraaia In raUacLad P-wave anargy with 
angla of laclienfa. This phenomenon hoi been obaarvad on 

sSiS'wilw' Ti r r ,M ^ Mrd - 


high aaplltuda of cuflaSliou. Boih iba “ * I'f.i'ie ta* 
dyadic character! It lea of Ihoaa 1 lie* 
that ara iodlcaiiva of tha pratanra of am 


structural, 

asomiicg, vol. «9, no. 10 
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APPROACHES FOR STRUCTURAL STUDIES OF THE 3UDBURT 

BASIN 

Darbav Haaifin (Formerly University of Manitoba, 
"rS 1 ?!*'. 1 ,,,t0 " 1 CaaaBai presently Geological Survey 
ol Ethiopia, Add I ■ Ababa, Ethiopia) VooLL Ho Jo 
Thla study Investigates tha feasibility of applying 
aalaalc technique! In the search for ora deposits, ulth 
particular (aphasia glean ta locating embodies at |raat 
depths. Hw baelc ptocadura falloUad ual alaantlally an 
understanding nf tha farward problaa, vkaraby tha affects 
of tne sub tur Tata structure tn a typical alning district 
•era thoroughly atudlad. Tba initial ataga of tha study 
uaa dovoc.d to determining tba alaatic paraaatara by 
laboratory aaasureasnt of aalanic velocities and 
basin toedi "■ pU# froa the Sudbury 

**• •* l *» ■ h *»«Y so hzudla lateral aa wall a. 
f l™ nfll'l , * " h "° B * " * 1 ' 1 M ’ f *‘ t co-PUt Ing Lima and 
flexibility, tha asymptotic cay theory uas judged to ba 
-or. auitabla f-r".t„d,iBl tha aff.ct if g.o logic 
laree-rca! *21“* ’ \\ f ° nnd tn th " 8 ^k n ry basin. Both 
cc ? Jt * tB "a. ln Sudbury, . Wra eonaeruo t ad . Tha 

' S2TJ2S S 1 ^ 1 * "’rr T 1 * h ? laT *'** c *l* .■hdati ihovi 

quarts gpbhro .nd qh. 
" “"t 1 " M|,wc , u arq.chatactarilad by 
,,r0,,B r *r'»«s*0"a, Udlsstloa that theta 

L ? " ’■ it future 

a«l«ale survtya . Io tha aaill-apal* medals of ataeteKiad 
Itruetucaa, tha su If Ida body uas nutllead bjfx dUttnctly 

iV; 1 ?« • -.1 1-La. i.v . ' •: ! - . 
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CRDSIAL BTRUCTURE OF THE COHTlHEHIALMlRkF 0" 

BHITAU FROM TVO-gHIF SEISMIC RXFRRWBfM Ca I|aR« 


BMXTAUI FlflM TWu-anAr astaniu Co 

R.J.H. Jonas (Dapartaaat of OaoloiF, f , ..... 

London, Conor Street, London WIE 4 1 ** • 

Huahaa, D.H. Matthaus , and B.R. Clayton ,a»,a)la» 

Tuo-ihip aultichaona.l aalaalc prOflUa, “*,.*,* at**' 
spread and const sot ol l amt L a g aaf ' 

conH|arac lont , wor« wi*h Mflfiilv ^ 

16.4 I air gun tn Investigate rha (troetuM OTl jfl 
continental ahalr off narthuaie ■»}*»“•/, 

ltta) «xp«adlng »pr fid profile rwailt 

haaemant orf northern Scotland is covarad M [ a t, W® 
seat Iona gp ta 2,1 la thick, mad -la *,f ta/»*. 

aalaalc units with valocil(a< *;! (onated Ic*** * 
Froalqant auparcrltlca) ,Hoho rafle ..jiaentd'f! ^ 
crustal thlckn'aaa of 26 .1 h*- # t afle«* #t * 

haaaaanc rafraotlona, tofather ulth m*d « * 

froa tba vicinity of the Hobo, hare a r . Jf f0 «, * 
concctnt air fun-racalwar offaal ot_ A 
aad laeat ary basin wait af tha OrkaBFla' . ' 

On tha Outer Habrldaaa ahalf to 1)0 • « 

Seat I and, tha aatauorahle ****** at 1“ ■ 

tha MS floor. ta s^wa™. canvaraloa nee r ^ . 

-'baaaaaac aurfapdl Vp/t >, gives * LJ*i cbaal* 1 J. 
0:27-8.31 . at'kdapthl of JflO-I.OOl) a. *«* “ a - c b»F«*“‘' 
node, certrari Ion afficianay era « ..(pat W’!* t 

offset pcofllee and ar« attribute to i‘-* 

Velocity structure of an upp»f»« ,e *" , aa .sf <*’•**,' 
ka/a) layer of Heathacqd baloaauU f“!,g 6u< hir»'‘* 
velocity apppar a onifpz* ulth depth, : 


ml 

Mi i V: . i 

— ■ i 





September 18, 1984 Eos 


■oae avidanea or significant larnral valaclrv .-hinee, 
16.28-6- 61 ka/.», in contrast to tho ab.l f V,or,b 

Scat land , reflection, fruo wlth(„ th . b.„n, nt and , * 

near the baas of tha cruet are neurded only aporidlcall* 
»i constant offaoc proflla*. A strong event « In A . 
tvo-eiy reflect loo tine appear a to hava arisen fron . 
..(.ale d I scant I nulls within the u pp. r nl nt ler h ‘ 
dlffaranca lo aalaalc ch.r.ctur af thu b... oaBt u ' n 
ruo-ahlp profilua auggaaca algalflc.nt eariatlaq. l! 
crustal structure within tho Caledonian roraland of 
cortharn Britain, " 

CT0PHYS ICS, VOL. 49, NO. 10 
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MIGRATION TELOCITY ANALYSIS Bf HAFE-FIRLO EXTRAPOLATION 
Oa Yllaaa (Haatern Oaophyaleal Coupany, F.o. B„, J469 
EouacNi TK 77Q01) Bon Chubira * 

VaLoeity Infaraarlon (. .aeanelal ta both c-iai, 
aldpoine (CMP) atacblng and migration. CHP atacklna 
provides rha bails for canrentiona! valoclty oit Inal Ion 
taclulquaa In that, for n nuadiar of trial valocltlaa tha 
stack response of a CUP gather (a competed and diep|i,.d 
I. the fora of a valoclty table. An alr.rn.tlva approach 
to valoclty aaclaacion aak.s uaa of cb. b.,l c (ngc.dl.nt. 
Of algrat (on— downward extrapolation and (na S [ na 
■si sole wave field.. The procadur. involvaa algrat ( on OF 
a CHP gat bar -leh a nuab.r of trial valor 111,. ,od 
cal lac r Ian of the aira-offaet loforattlen, again In tba 
farm of a valoclty cabla. Op.,, ting on a CKP gather, tha 
algrat l on-baaed approach produces raaulta alnilar to 
iboaa of tha cenvani lonal aathed. Analyata of aynebsttc 
CMP gathera ualng both oathoda ahow aaaontiillw 
equivalent traataant. of aala«( e ,(g B .l , „ d al.li' 
depend ante of accuracy and resolving power on cacordlqa 
femaery. nB 

»> have aacand.d th. olg rat 1 an - b „ td lppro . eh 
Include more than onq CHP gather In each analyal. Thl. 
..tanaion i I lou. proper tre.lu.nt of dipping (v .„c« aod 
yiald. velocity laformatloa that (. nnre approprl.ta for 
aca in migration. By ualng ebe Intaraadlar. wav. rtald ae 
each atap of devnw.rd aat rapolat Ion, va ne«d only do a 
■Ingla conattnt-va lenity migration of che .na tacked data 
followed by a alapla napping procudura In order to 
recover tha valoclty information. 

30PHYBEC8, POL. 49, RO. 10 


Geochemistry 


1AL0 Chaalatxy of cha AtBMphata 

ATWMPRERIC HRTHAHE IH THE RECEHT AMD ANCIENT ATMS- 
raERESi COB CENT RATIONS, TRUTDB, AND I KTERHEMI SPHERIC 
GUDZon 

R.A. R.mzua.an and M.A.K. Khalil (Oregon Graduate c.niir. 
Invert on, Oragsn 97006). 

Iba con cant mien a of narhana Jo tha old and ancient 
atnoapheiea of rha earth can ba deduced by analyalna 
cha air In bubbles aahaddad Is polar Ka eoraa. Upon 
anilytlug ama 80 lea core aaaplaa froa cha polar r»- 
glena va found that tha con centra Lion af aarhane 250 
years ago and sarlier was only 700 (130) Pp bv or about 
*K of praaanc lavola. A rapid and algal Hear In, re... 
flf atanapharlc Mthana atartad about 150 years sac. Tha 
rata of increase has escalated since then and ia about 
1-n/yr at present. Ha also fuund that cha esuemtra- 
tioa of aothina in the ataoiphare Z50 years ago and 
earlier, whan uethans waa one increasing, uaa 10S ft AX I 
higher In tha arctic coaparad to tha antarctic. Thla 
?* ctm,,,t,nt the axpaetad ratio of about 

J : 07 " 1 ! 11 fro “ • Slohel aaaa balanca nodal and 

the prirar ( ly land-baaed natural aourcea of na thane ea- 
t (mated CO ba abnuc 280 Tg/yr, vhlch «y have eat. tad 
savarai hundred years ago when human activities did not 
contribute significantly to tha global ncthane cycle. 
(Pra-lnduacrlal levels; atmospheric machine! Inier- 
taniapharjc gradients pol.r Icet anthropogenic aourcea; 
natural aalaalona, secular trends. 1 

4. Geophye. [|, Paper 4D'»4b. 

UlO Chsal atty of tha Atooaphue 

fRKlPITATIfiK CIIOUSTRY AT Tl'RRLTLRA, COSTA RICA 

C.D. Nandry (Envlrunmenca 1 Sclanco and Enalnaarlng, 

lac., P.O.aox £SE. Calonavlllo. Florida. J26Q2I , c.w. 
Birlshg and e a S. Exi^arton 

Bulk prnclpltet Ion sanplee ware collaclad vasV.ly at 
Turrlalba, Co.ta Rica, from March 1979 through Harch 
l»l and anaLyacd fur pH. conductivity, nalor catlonu 
*™ anions, nutrient (N n„d Pi apaelma, and 12 cracu 
“tale. Raaulta indlcarod chat Costa Rica ptaclplra- 
tlon canralna relatively lev [oval, or acidity, 
wtrlanca, and mlnatala. For eaompla, during the 
i 1 !^ pll * tlun VMra J/f9-J/B0 and 4/BO-A/ei, voIubc- 
vauhead mean spec If tc oonductancua wore A. 8". un.j 
1 ' "■l“ £C L™Ly. Precipitation pu valuoe 
ranged from v.BI to 6.35 and thu voluma-vetghcad nan 
c,vor thB two-yuar,atudy. Bssod upon 

oacaae [Sor'| vaa found to ba cha 

principal acidic anion, with only ana 1 1 puaaiblo 
wntrlbutlone from oxcoaa lcl‘1 or NO,, riarlne-dcrlvnd 
aaraaol accountod for virtually all or (ho Ha*, Hg , 

.. d °P fl *icoil in Turr Uhls min, and uab ■ ciiut 

ucaa. IR° 4 | conpriaad 8« ol cha total SO J - and may 

a >=an pro: Lp Hot Ian dua to I oV range 
' b logon Ic aourcen, or local volcanic 
Mlghaat concent rat Iona of Dinara I a and 
of Obaarvad during cha low rainfall purled 

■*”* “prlng, which co (net dad with Ineroaiad 

2t!u l ^! r " 1 r ct,wlEi “- v#r y lov “t ««» 

(Prfi? obaervod Ln cho precipitation. 

■na'yaiaf ^ cho “ 1,er S r< Bcld rain, rainfall 

Hater Rooour. baa, Pgpnr 4H1046. 

° r che ,olld M*rth 

*“ T1 “ mWTl0Hm mmn 0P 

Ii 1 ! 101 IBaaanetlal Bshanl of Karins and 
STSt'Ml S5*"“ ' ValWaltr 01 HlBU, Miami, 

0,Z * *■■■ of th* dap la tad mantis 
■a. nf ni* D °! "ORRBte baealte ara much laia than Cha 
,L" “* “ reh > ahowlng clearly that tbs MOSS mantle 
tha “«platnly dagaaaad aad da coup lad from 

analiEI^™ “ rly iB “ rttl Usury, gather, 
laat r., k. enn tinned up to at least the 

hundl « d Ulilom A a table, layered 

NH.dMm ’“BBMtad by thu. data. {Ran guaa, 
Bwiehroaology, eantla), 

J ‘ ■*■., B, Paper 401132. 

AH 1 [RTVB^^IS? ne, ^ Taohnlquo* (loatrumaDtatioal 
HIMm ] K Sri,* ISDH ° r HOHOXLDE, RETRIG MERE AND 

j. h. HL?f A *^ RD, ? fT izaanquRt! WKBVtEV w results 
VA 2)685) q ,* LiB||«y MflBtr ch Ctattr, Httptoa, 


r r« ? j, c. Pamir, J. 0. 

rarbon l,on ol “Lhada to uaaura 

radical JfJf nitric aside (HO), and tha hydroayl 

ilacuaaod. Tha (ntarcomparlsM waa 
Imtlmdgg . | Island, FA, in July 19B1 and 

•Uple/aa. Miffarantlal absorption and tbras grab 

f 'uaraa««n*f ■"■khoda for CO, a laser Induced 

D, and n*. , I. *° <1 ew * ebaoLIumtneaeanoa nathada for 
for matboda and a radloearbon tracer method 

■•■iurim.-, lot •'■comparison uaa conduetad aa a field 
(150 tn inn pC ?*'“ Involving nbiant maaauramanta of Ol 
xiBif.ij f 5 ”®' *ud HD (IQ to ISO pptv) from a coocan 

■Bom FmTm rwt rolled l„j aec (on of CO In Imrmantal 
fP l k. Onlv - y ? 5M PfW HD In atapt froa IQ to 200 
■Rraimant s., ’* nc ■•■■“rMansa of 03 wars cad a , Tha 
for CD ud ivv*? 1 El *’ racbnlquaa waa on cha order of 14* 
* teat, , . **• Mardwara. difficult lea during tha 

•ad iaiearr.tif, *“ • ha»i vlth inaufdclapt data 
i «l»re 0 ap. rl "^' ,, , l “ 0 l " 4 “ 10 P 8 ™ 11 " •“■"‘ngful 
"rtfoavi T ' lc,rh * Monoalda, Nitric Oxide, 
•“•trumaetatlon), 

J - "«Phy,. D> p., par 4D1107i 

Geodesy and Gravity 

Jb Moraaonta ' J 

k-0. CA1JCRA, CALIFORNIA 

« 11025) ,, ; [fen Lag leal Survey, Manic Pack, 

t nm * n4 J '°- 

‘"tkaaq Lai Bi.i ”* llQ ** ■>«« U.S. Highway 195 

H37, inyi Ta,. Flaca, California, in 

dw,1 apmnnt I, 1 , 1,K > ■ nd l *» 3 daflna rha 

*«ig Fan.- ‘ d "«-»hapad uplift serosa tha • 

•hat Tcu 5kaa* lira 1 logs Indicate ... 

*“M« tn LVJT** *l«“»y ln/ar laqt vlth 
W *7-I9aj JfJ'.lfUng during the full. lneafval . 

‘“ttay rnitafi ? th,c •*'■ Rod points nf tha ■ 

*91 dm,, heyond tho rsnga of tho darilpp- 

*®*. hot LrnT*? ,?loant - “I* 111 * ocnurrfd kafora . 

D ‘*4lo 8 e . b ! n °f tol * r 3980 tbe uplift npar Cm. . 

* RPrlaga naehad 0.23 a and tha half- .. 


August 1983 uplift apparantU*o 1982- 

Fabruacy 1981 with J 1 * * ceurr « 1 tat '»ra 

paclsd Fabruary-Auguat Mj' tha 

anciant reaurgont d»o wlthlUth^jL^ 

ExanlnatlCrn at tho full virrlr.lL . 

a^"S=a= 

Of a M2 1 -flSf!?" or cm raaulta 

10 «r«l L„ ^ th ’ , “ Mie of 

vinJS ThH Ut7Jf cari?"?? T ~ Pl,M 

attelhutM - a 11 “ r8 “Munably 

‘t rNl " il defamation than 

•t ta to th. novanaot oE «p, ,t depth. 

J. Gnophya . Foe., B, Paper 4B1D9I. 

i“, 

a^-jwasrjsaaws.'ffi 

Jtncnnt Richard (Centra Ceologlqua at Gwpb Ja |q aa 

.. ,-v. 

,l,l ! ld ' a ‘ po,l f ° f cor.o (rortugan. U. 

Show hov crud. conatraluta on tha densities load to a 
Mrit sat [nation of th. location nf .ourc.a.uhl ll 
rurthar gaologlc conitraiats allow Dl t0 aat l*at a the 
11 t0 Pa ‘ d,7inlt « bounds on the or. 

OEOPHTIICS, VOL. 49, BO, |0 

Il5i.»2* 1 '"' “ f jr;VU/ -Ktualc one 

T ,, y^u:; r p./i evaunu, tq.Lf. ft. BJJL7U!* cu.li; 

l'. T. SAIW-U1 I...L.-41 Lwatuiu Survs,, -.r.-rtlr., 

LuwdatlC oervluCB, ..f-I jncl v^r.lic, * 

i.fO-vl itu, . a. 

> iractun. iu»o If g| i,*il i a ..„n»irutuu ire,, -iliilu, 

nuil^la ul she u „d nuchiokil uvuluLi-n „■ 

xoihlu llir.uprh.rb, na w»j HuuXCiuru cuOlt i, Guaduc.lui, 
,‘ r • J#j,anlw ‘ huuncory iu) or, uwwfekp jn, 

ir. J1|.>KU 01 ^,t. -uridCu io. H n..biuiu ol JiIa uu.vluu j,: . 
au:h ai zcporrapdi, -nc Oolle-.tlun cl . tl „ vt r.|. ;i | (I.., , 
k-ravl^, ltul.ll. Art ..as-. ipPutunt ulun b „ uj0 r p.'g, 
of .nu sbarp . j0 cwn.re.t. „ , luplu , Incluuln, .ht 

vlfvCtt wf letural n.01 trenepur; uu . viji „ u .| aS .| t |‘ r , 
^rocicis t'l.l vu-lni.jik in uceilvwr a,;.h .m v .ilu...t>i 
uf rf«. VJ-IKH will fleejz, lncru.ilr.jy a»c-ji uno ul;l..... |, 
'Jienpptar al .In FI «■,<- (bawrvatlani, n^uvr, a, a. thu 
"•'* u> '' F - lupu-arech, .i.C tn'. Uuiloc.lati il .IU, v.r.lCil 

r«i.-.alr, ihArp .a cut, f. «ul*»s. Inust '..j uvsurt .Lim.v, 

ufc Bull aa .nu utxrii: a.^u.Ciri Ir. uurl-Juila. ul j.u 

vvrtlcii prcrillup jcruj? .nu Vslrr.ur, .voynen^, 
,<i,coiln u ft 1 *, „ro u,l,l.uo cy lucleclnv a cua.ii.g^ui 
4lai,.ru la/ur In J.ui.jd.l, T.u .u>ii..:ry In a.li.u.l.-e 
tT «h«. v.r.lc.l is i CvnnwgUuncz vi -.i.til, tMutnszS 
w.rla; |ji fc .jcruSi .n, f., 'usslllr., ,i,( . tl>i . n , 

ezolu.i-a* jf ij.u F. UP.r^M, I , ,.,r.i..lp i * * ’ 

..iu lal.I.I - 1 . r ul s.ru. ..ru jr ,.i. r I J u-ir'.a-i w r . 

■ aturvuu.lM, . «.•* I ^cuig ..ufa ;V Ir .. . y., .1 j, 

..vi .r. u5%c .w i i jt .., y rl.i. ...ia 

vilw.is -cr.»i F. 'u. sa.una..u ml-j, .sjirl.a^ 

will uuCuru. in. .. ..i.. wr.rali *,. 11 .,..^ „. .u .a 

,-.r r.ili l-^llus .w. J0»a„...|i, , n i.i ;,..r - I ;.i.,-.ar, 

■ u,.ra, Ji.rl.'.j ,r(.i '..al>, u, w 1.j I.r., k lw 

-ru i.v. r. .airvu a, .:.u .at. Ifryi.Jr. .t,1.. 

..V.r..i..OKI.ICal) 

f.evphv*. Rea.. 4, Paper 11IL5. 
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2530 Spatial varlaclnna (anonallea, 

HEAH IONOSPHERIC FIELD CORRECTION FOR HAG9AT DATA 
H. Yanagiawa (Enatltuca of Specs aod Aftronaut leal 
Science) and H. Mono 

To Obtain ■ nsanlngful meanly map ibovlnR magnetic 
fleLdi oE crustal oclgln fron aat el lit a observations, 

1 l li ntc salary tn adequately account for and subtract 
tha fields ganarated by tha currants flowing in the 
Ionosphere , Conventionally, correction* are made 
■sparataly for aarh path by eaplrUal cethoda of fitting 
and subtracting linear, quadratic, or faimnlc functions 
fran tba original data. Ibis procedure, bnvavar, lacka 
a sound physical haala. Va a nasi did tha field 
component! after tha main (laid and tha oaguatoapharlc 
field vara subtracted froa Kegsat data, and found 
eartaln structures In tbe residual field. Tha calLdual 
fields at 0600 and 1800 local tinea ware separately 
avaragad ovat longitude to obtain cha affective 
contribution of (onoiphsrlc currant system at Lhasa 
local tlmas, which la called tha Hasp Ionospheric Plaid 
(KIP). To obtain cha crustal auooalias, the KEF vai 
subtracted froa tha residual fields. To account for tha 
day-to-day variation ln tha lunoapharts currant ayaraa, 
and for cha dlffaranca In aacallita altitude, anomaly 
maps ara ennitruccad on S*«5* grid averages. Tha dam 
and dusk anosaly maps after the correction agree vail 
vlth each other, showing that tha effect of tha 
lonnapharln field la wall taken oara of by tba tap 
correction. The amplitude nf anomalies la large swan at 
comparatively long wavaiangtb and cha mapa succaasfully 
rapraaant then cruets! anaiallaa which hava bans 
greatly raduad in tba pravima mapa. (crustal 
moot lies, Ionospheric field, Kagaat). 

J. Qaophya. See., E, Paper 4B10S9. 

2330 

SCALAR HAGIliriC ANOMALIES UF CANADA AND 
IIORIIIERH VS DERIVED FROM HAGS AT DATA 
3, Arkdnl-Haieed Dapar Leant of Geology, 

linlvarlsty of Toronto, Toronto, Ontario H5S 
1*1, V.E.5. Urquharl and 0.8. Strangely 

The Lola] eigne tic field of the Earth over 
Canada and the northern United Slates Is 
sampled along Ind Ivldual orbit a (pasaes) of 
tho magnetometer satellite (HAGSAI) on tha 
basil or data entreated from the HAGSAI 
Chronicle tapes. Iha main magnetlo field at 
a given aaxple point Is caloulaled using the 
main (laid nodal by Langal at al, 11982a) and 
then subtraoted from the sampled value. The 
external magnetic Maid contribution is 
partially removed by a quadrdllo function 
fitted to each Individual pass. the 

resulting nagnetlo raalduoLs are rasaaplod at 
55 km by 33 ka grid points an an equal area 
projection and subsequent! y contoured, The 
dsan peases yield a signs tic map that la 
different than the dusk passps, Implying that 
the remaining asternal magnetlo field 
component has a dean-duih aaynnatry. Ihe 
component la further suppressed by applying a 
bind -piss filter in the frequanoy domain. 

Iha magnetlo anomaly map derived by averaging 
tha da-n and Lhe dusk band-pass filtered mapa 
show the main features seen on the 
aeromagnbtlc maps of Canada and the Unltad 
States. Ihe map also shoes that ' the 
Appalachian and the Cordlllaran arogens and 
the Grenville-Superior euture tens arrf 
magnetically low regions phereea the- era ten 
basins sueh aa tho Michigan, the Thelon and 
the iff British Co I Uhls Basin ara 

oignetloally high areas. 


about -Wr Bpoclmsfis of rrd h drtu rovoals n „ labia 
"*oml nagnel I fallen h tn inn r.irlh 
V 8 lQCl ( ” clh 01 11,8 N*nlnqent B ,„,lr,a 
ILI^ luTL 5ltL1 ° i ® T 'P0ilsr,t* In (M loulh 
" hero 11,8 r "d hs.1, ar. rrom sitting!, 
l" *?.." 11 T ljVt|, ' ror,,,lbl > uverlaln by in 8 
2* ,alcanlC5 - ,11 l»rna .o-pononlo n, a 

f™ 4f»' . filDCI,| ' l 5 lo-poralur-s roi.no 

fruo nltf lo Mrfr f Qr L , ani , ^ |Jia ,. £n , 

to.-iparal,ir« of hosaLlie (nr noli. II ,..j m. L( 
ar-o-n to petunia part of tha foiuin, „r tha 

foton, uhnroas U nod HI boll, in.JicaLo a positive 
fold tel Bl tr.n prrhnbi III, l„vml. In 

adult inn, e omll (lien Li.no m of ti,o rat„ral 
reninonl aagnal last lent uni Iparnl lol corpoo-nj tn 

rXI '’ Mt "WP 1 -" 00.1 P .,n, po 

Blulant if 111, a najsl of |on,f-tern aoqulslt Ion 
' . , “ magnet I rat lor, for tho rrd 

boda. Analjuia uf tin vulcanite rai.ilu n a i, ir]lu 
slable tonpononl «ltn a|>ed polarities, corrLol 
wither b, hunat ltd or "agneLllo. fha 

palocrzagr.otir direct loo, Indicate I ML (|| Lhu 
Lhasa block al«w al I2.y,yq bv v 
CratiKcDua «rul hn 

P > loccane-C ocons , mriinlnq [t, 9 limited 

aIKI^S?? 1 °, r th ° '” r,lln ° r furaal » l'Ot«en 

f tdBP ° ,ll ‘“ ° f 118 n<i LodH ‘ 

Eocene (onset ar the lndla/Aala rollislnn). The or 
«« » ,,,,llv “‘“•■i eliarlening b, u ouch nj 

1900 i 050 kn north of the block (since tho Upper 
l ^f “ d b » 1‘W i 1200 lo. south of | h a 
bioct (since tha onstl of the cnlliBLonl. 12) 
bouthern Hba! formed a Btngla tectonic unlL bv 
rMu.i ties, end (J) difrarsntiel 

. ob *’ rvrt " llh,n iho block and are 
releted Lo Llia collision. Ihcraa roletlons are 

eit™2r 1" . ,h8 frM ° f 8 ror * f ‘ l ptopagall"! 

e-truolon leclonlce aodai. Idle alud, conrirma 
lndnrtin" /;* 1 " Q 9" 0 9 fa P , »r relationship bel.een 
Plateau) and tauthern Tlbot 

prior to lhe Indle/Aeis colliBon.tpaleoma-jnelian., 
libel ,cruatal ehurtaninq.cani Inoniol rolllrionl. 

J. Geopbys. Bae., 8, Fapar 4BD«>6. 

2S9v i^inaral 

•J***™ ClYEI THK LORD l W ^ 

STRUCTURE CE ! ' T * * ,HI>LE “ITIkEMraL CRUSTAL 

^ dJrd ,PSCB n, *‘ C8I “"- 
MACS«T .1,0 raqo scalar and r<k;i| rcdursd-to-pole au- 
nutlc snox.il/ data t-J«h show nraalnant pus 111 vro ■ Iso J- 

VT L h " ' >tJ llrtuc R ‘" 0 - Roner.Ilv 

assum'd L„ N, canLlaonial m natute. rho lord H..vs 
kts. rsnnoi slnplv bs subnoraod ..rdlna.y c.. n «L„. nl a! 
w u J T t ' «««l« oeum.lF cant rest 

■ (.ii r 0*pec( lo l no mirr^iniUiip. hluhor nuicopi Ihl I ir y 
oceanic rrusr. Three dlc,. n a|aqs1 o.<d«lln« uf I ho 
pl 11 Cl", using the boom cnul airariare and auiualna 

an laOucnJ „r, a | n ,„ r lhe Ml „|| „,. tla>Jl|AB 
Iwads In ., rx.lc I In Uhl, h I ho lowest o mala I 1.,,.., ( n 
*n •KhcnrlRe Incut .i|“ rrnM^I -iimciunr h\% an 
;ini;,„ , l , y l,|„h ausrorr Ihl Illy In lhu range .-.q.s. 

J atMl? ! S ! P ^'™ 1 al.ew.lon 

If the Invert la.or h, a hlvh ...nroytlbllity tt.,1 ivr-" 

nir he to I Mod in ih« subsl.leuce ol ih* plmoau. 
fnaancric snonilin,, triinul structure, ftcuanlc 
plsteassl. 

J. Conphys. Roa.. B. Paper 4BIIIB. 


J. daepbya. Rem,, B, Paper 4BID26. 


PALEQ^0CRAp3lC AM) TECfOHIC . EVOLUllpi 0T 

souiHcm luff since Hi cat cmciakods ti* i 

NEW PALEDMAENErre MfA NO SYNTHESIS 
; 3. Act, oebs (InetiUit de PMaliflB <N Globe * 

, Mpsrtwent dee sridneaa PhyiUnee di ,1a ferre, 
Univeraltde Parle 6 *1 li WQ03, RqrlBi Franca), 

V. Court 1 1 lot an) Y. H»u . . . 

During the eeeohd Frendt-Dilhaeo pslsossQAeila 
omapalw in Tibet, Hr- the emsner oT 1901, ve 1 
s exited the. middle 1 Crdlecaoue red, lads, of lhe 
Tokens Formation and th* CenMOlc volcanic* Of 
the L'nqztzonq foraiHon, A detailed analysis of ■; 
j - ( " ■ - ; • ; 


Hydrology 
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■ippr-iprinl,. bnund.ir , -r, 

, qujEiuii, )|„ .on. al i 

in "u|n.,rd sliifliug r,p 

sir*—. ,llhi-i,vi- ,., ll,, .| 


>4p„uripli,i.,Hi |, i.| no ir-l-.-u. . r..- q.., 

Iii.ugl.— n-.. ul.-l.q jl.ii.pKi, | , 

•''■A ■•'■•ii’.'ni hii.ii nf |, ui, r....|f..ir,i |. 

Iiiiz ,ir fiiu* . .roll, i k >,r, - j ■ • z |i i,i,.,..ir.. j , M( , L .u •. 

lurlKir. ,1ft- , .,rn>-.| r,„ ,. Jr , 

■ I’UUII Mr b- u >IZHI ■ I or., „• .Ir, |) vt 

■liduusd bv do.n.lr.-.m .lin.if,r, a rii. -u p.,riKl,- ( r -.|lr.i 
«r,J 1||.J u r. Ihz poll, I bur suit ,|.'po j,„| t-mlunliy ,, r . 

nod ru-inl Ihv nulur bunk I,. Irn.ah.«„c lr i jiono 

oblique durin Ir, U.r p.n i h . i.o.vi p,,. p „ P r, 

■ io« »»rt ijrrud inu.ir l h, ibv , imniiri-i-iiri.il ■,ri-ir„|.ir . ij 
nuar-bod flu- and bi iriiugn -.ib Iroliiporl .,|nii- lr. v . ^f 
■bli'pi, Lclfnrm, J mu p.,rlr*fri ..u l ..jrzo pan Mr ■ i m«ni 

pillit i.fi Lop of rfio pu, m| bnr. *h.iri- a...jR. ir„ugli<ui, v q,, A 

niakBil jmt i i,t- finer p.irliclra innarU iim ,.,ri-.„ |.ai,k. 
lhu point bar face, -her, coiru- pnrLo. lei ruffe J .ig«iti«, tho 
lecundart iirrulallan ihai wa* • -irr/ing ih* fliirr par IP iv* 
tut croai-zfr, jin Leuicij boiperl «a> tuaurd ih p.,...f ui,U 

ins or. i.trugu nbaul 101 ur Hi,- -Iv-mlrr .,m D> Ul-j.itl Inn 
ppurl. Ins Kngt-iupq iiqujiioo predicts reatunublir uoi iho 
Ranrrai paHorr, of nrf fun-iiruiii I ram pan it, rough iho 
rnrandvr. buf P doei not account for Iho lubHanlraL I rciu*f.- 
»l»o irsnspiirl onuiod bj oblique bodfr.rim nl ieier.il im-a- 
lions in Iho bend. Our obnrrialions uuggnt thaf cqiiilibrium 
bed lopographj hi Cun uhtr, thorn >9 net nulunrrj Irnr.ipor, 
Inio lhe oulaard shilling /one al maaimurn b„i,nii,ri- ihosr 

■Irass (Brdiosd Irsnspan. ri.or rriiMnderl. point barsi 

Hater Baaour. Rss., Paper 4V09O9. 

3110 Erosion 4 lid loan tat Ion 

AM EVALUATION OF HETH0DS FOR CALLULAT1IK THE C0NCEHTUT1DH 
OF SUSPENDED BED HATER I AL IH RIVERS 

J. E. Pillule (Dipt, nf CtoiegT, Unlvaraicy of Dalsusrs, 
Ksuark. DE 19M6) 

A modi End Fouls aquation li uni C o prsdlct tbs svsrags 
CoBcantracloa of luapindsd bed mat Brill m rlvara and canals 
vlch isady, duns-cdvsrsd bads. Equations of Elnataln, 
Itakura and Nlahl. and Engalund and Fradmoa are used lo 
calculata Iba absoluts contantrac Ion naar tba bid (C ). 
Caleulatism based an tbs Engeluud-Prsdsai equation fra 
tonsil cant ly about 31 Mbs a loo high. A modified Einstein 
aquae tan nvsrptidiets hlgb concent rat Ions and undsrpredlcti 
lew cancan tret I ana. The aadlan predicted ecocsncrac Ion la 
only 201 coo Ugb, houuw.r. Tba Itakura and Xtabl aquation 
La cha matt sutcelllul ibaoryi predicted contain rat Iona aw 
overate lucid by only Mien th# avaraga. Better raiulis, 
hovavar, ara ebtalnad using a rnnstau valua af 222S0 ppm 
lor C In cbt laure aquation, luggastleg that C varlat 
ulchlK a much amallar range than la pradldad bj currant 
Lbaorlaa, A alapla ragwailfln aquation (s Iha moil 
■wcasaful of all af iba aechadi listed ban. (Suspended 
sediment iraospart, modelling). 

Hater Beaour. Bee. . Paper 4V0J7S. 

3130 GrailndMater 

A FINITE ELEMENT DUAL MESH KTHOD TO CALCULATE THE NODAL 
OARCT VELOCITIES Itt N0HHQW0EHE0U5 AMD AN1S0TWPIC AQUIFER: 
Vedat Batu (HUS Corpora tios, Park Veil In, tlirr Hits 
Raid, PllUburah, PA. IB27B) 

A ■ ffnile elemenL dull peih natbod ia deSrlDpsd to 
cal cut a to the horiaontal and sartlcal Dirty velocity 
component! in • highly nwihcmojontous and (n Iso tropic 
aquifer or constint porosity under steady flow condition!. 
The finite element method H used to calculate (ha total 
hold distribution. Iha finllo-dl ffersnee Forms of the 
total hud gradients (re used to calcullU the Darcy 
valoclty components. II Is Shewn that the deal math 

method |s lul table for nictitating tha nodal Darcy 
valocitiei with acoiplible accuracy. The continuity 
principle ll lallsMed io an . acceptable degree. Tha. 
rasbits are compared wfth an analytical solution and 
.the comparisons are BicelisnL. ina rasults are ilio 
co^iired with anotlwr method proposed by Gureghlan (1981) 
end Teh (1581), and it is observed Dial the agreement 
is reasonably good. Iho dual mesll aathod can be applied 
to any norhomogenaous end anisotropic porous mad I ud 
Lo calculate tbe nodal Darcy velocities. 

Hater Resodr. Has.. Paper 4ll)ol9; 

3150 Pcrcipilatioa 

A HTDR0L0QICALLY QREFtfL STATION FRRCIPITATIQN. fSOOEL 
2. CASE STUDIES , 

R.P, Gaorgakakna. and R'.L. Brae (CJ/Ll Eogloenrlng Depart-, 
mant, HaiaaebieaKti IqetlUH of Technology, Cambridge, 2U, 
02139) 

A physically based model of prMlplUiiH at a paint, 
dare lops d by cha authora la an s c test p taring papOc, ll uaad 
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Maurice Ewing Volume 5 

J.E. Hansen and T. Takahashi, Editors 
336 pages * hardbound • Illustrations 

Throughout the fourth biennial 
Maurice Ewing symposium, primaiy 
attention was given to fostering an 
understanding of basic climate 
mechanisms. The unifying emphasis 
of the symposium — and this ensuing 
proceedings volume — was a focus 
on climate feedback processes within 
a broad range of lime scales. The 
30 scientific papers are organized Into 
the conventional divisions of atmo- 
sphere. ocean, and cryosphere; each 
section bound together by the 
feedback process. 

30% discount to AGU members 

Call: 800*424-24 88 
(202) 462-6903 (local DC area or 
outside contiguous USA) 

Write: American Geophysical Union 
2000 Florida Ave.. MW., 
Washington. DC 20009 
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u anka rainfall and mow pradlctlone at Isenil'ina lo iha 
Unfud 5 extra and Vasa ana la. The eodai la util iaa,! In 
ofr-REna and real time eodaa. Tha laerar Involves the aaa 
of a Rxlnan filter. Raeulim Indicate that the para-ielar- 
IzatEon auggaaled hara la qul(a robust, coopering favorably 
with locally calibrated linear ragreaalon al lernaclvn 
■ndals. Ideas for foura work ara glran. (precipitation 
modal, cloud ale rcphyales, pracEpltaclun prodtr tlonsl . 

Hatmr Paaour. Kaa,, Paper AVI 07b. 

1)99 General (Hylrc-tatcon Hlqrazloni 

A HATKLHATICAL MODE L l>P CCMPAC TIOIl-l MWC EE, 

HIJRA r ECU 

3. Pc,saxb)ac iDtpiiirint cf KiirarsUca, lllliioka 
Inst I m t a of Tmchaofoft. Chicago, XlllroEa. GDf-LLi 
A thaoiallcel miudy la nade of tea dyr.a.-'lca of 
IIuMb In a norttor.tal Is^st of porous material 
subject to vertical CRifsdicn. It is ehswn mac 
durlnq Ua s-copucclsn pzccass fluid ray be expelled 
from tha layer both vertically and Itcn cental ly. 

Vhan two inlscibls fluids are prosont la the 
cor packing layer lhe ri&jrce to whlih aash La 
expelled dspmrdm on aaverat forearm, rial 
lrportantly chair Initial saturations and their 
viacastty rnelo. Ek ia shown that thare la a brand 
tovirda an aqul Ikbtlup aitursuon. In tna Sanaa 
that large aaeuraCLona tend to decrease during 
cb. paction while low aaeuratlcna tnnd to incraaaa, 
fom pilantial lop 1 leal Lori for explaining 
hydrocarbon alqratlan are suggested. (Hydrocarton 
nlqratlon, cro^ action) . 

J. Oojpfiya. Baa., B, Paper 4B(M«. 


Meteorology 


MmS'SSHJSSRS'*!"" •" d Intaraitln 

B1DUI1L VUIAT1M OP 010, WLlCATUHU PM THE 8184X0- 

8 panic auHimxss of cioao., hoci, and ua 
Hales, la Z. H. b xmd Wa D Dak Ba« (Atmuphacla mad 
Enlitnsntal Raaaareh, loci , 840 Manorial Drive, , 
Caakridg*. KA 02139) 

Biaatlsal raaulta are pnaagtal for th* diurnal 
varimtloaa of atrstoaaharlc apmsf aa looliidlng aha chlo- 
rlH a pa eiai. Tba eel evil at ad diurnal varlatloa af ■*« 
colnan douLty of stracoepharlc ahlnrlos sonoilda (CIO) 
appear am ba In good agranmani with the rscant aoaanfo- 
maat aUaload from ground -bod id mlliiaatar-wara iMitn- 
acopy (BoJoaoa at al., U84, fclhpi, jl*. p. UlO). 

Tha obgamd large diurnal ymrlai ten *!im ccltw u a a- 
■Ity ot CH abort 30 la r*a ba luwtemood is tana of 
varloya iiihaigi proeatsel batvaa* CIO. (Cl * CIO) aod 
cklorln « rasarrolra (otoSoj aad MCI). 

Iha rapid airly marotag riaa in tha roliM dmalty rT 
S5j! b0 *? “ ta *■ "•‘blf attri baled to photnlyalo of 
ClOOOg sAirsaa iti coot | ual dauaaii dnriag tha might 
tlH may be a tut hi ted to tba xeraablnaUmd of CIO vlth 
*Jp2 formlsg ClOHOi as tha major piodaat; The predict ad 
diurnal babavler oF the upper atratoaphrrle CIO, hov- 
mjror, Lf oeinly dua to tba axcbqngn foiveao CIO, mod 
8M1,' Obaarvatloe of tba die real bsbavlor ol cfo la the 
uppor otratoapbato can plat* important const relate on 
tba thesis try of BOCl. [thlorlo. aomealda, chlorine 
mltrdco, dinrsil war Eat ion, atrotoaphartc modal) 

j. Csophya. Iaa., D, Fapax 4t|IU. 

HIS CbrrvectLao, urbtltBM and diffusion 

>a*DLOB CUMB) nUMSFGRF Of TRASS E CUT 

U.Hahit (Atmoaphorlo qaionedm Daewiaant, 

93J31?' Q»«VallU, Dtaftm, 

Difficult lap. with opplicauqo oi HoynoUa . .. 
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averaging u4 addy dtffuslvltlaa ta on* 
dlmanolOASl aloud modol* la diatrasaad. Pre.ant 

■UW 1* found eo ba uthuuUcillr Lnoonfllnunt 
wlthouc CdrUtar K»Ulla«tlon. 

J. Caaphys. hi, , r>, Paper ADIQ38. 

3735 Electrical Hicrcraom 

hjkihfr aiARACir.pisncs or positive r,\diatic« 

FiRK nn LiarmcsR in sktopi 

Vo mm Cm ray (Institute of High Voltage llc- 
scarch. University of tijinsala, S-7SS 90 Uppsala. 

Swsteni 

Characteristics of the Melds rullatcil |.y 
lightning In SwJcn liavo been rcportc<l recently 
by Cnriroy an) luiklpilal (.1. C-eofJiys. Res. ,87, 
11203-11214,1982). Tint stikly Is snpnlcnented 
hero hy present Inn aJilitiwul rharnctorlstlcs 
of those fields th.lL are hyMthcsixoT to be pio- 
iluced bv posltivo return at roles. Tho new item 
presented horo Ini lento that the currents In tho 
devices nf these radiation fields -ire cither 
slnllnr in durst Lon m the currants In nesatlto 
to turn strokes or of longer duration. This is 
based on the observation that tho duration of 
these radiation fields are either slnll.wr to 
that of negative return strobes or oF longer 
duration, hiring the first SO la 100 us hoth 
norr.il nnd long duration ware Tarns, nisi herwe 
tils Inferred currents, seem to behave In a 
simitar rvmmr. That la thore Is an Initial peal 
In the first few tens of nlcroiecervls nnd then a 
deny. After this the field aM the Inferred 
currents In son; positive strobes continue to 
d«sy and In others start to Increase aga In and 
reach a second peak In few hinired olctnsecanis. 
«h He tho current la flowing the cloud scois to 
nrt-Juce, In sice cases, a hurst of pulses with 
a scpirotlan between pulses or ahait 3 us dt 
loss. Tl»o shape of the Inferred Ions ilurntlen 
currents sre siniLnr to the shapes of the positi- 
ve return stroke currents rassuml In lightning 
scribes to high towers. 

J. trophy*. Bos. , D, Vapor tDOnOb. 


1115 Electrical Ptisnonona *Thcedor.lorn Charging! 

TO "IA IK-CESU", LIGHTNING AHD TILE LOWER POSITIVE 

CHARGE CENTER IN THlli;DIA5 TORUS 

£ s Jay train# (Pur. and Applied fhyilca DopariBtai. 

UHIST. Kinch.ltor, England) and C V R Sounder* 

Libaxalevy icudie* of charge Lr ana far, whan upor- 
grow ice cryacala bouuco oil a hallatono In aisulated 
IbundaretniE) conditions, have ahown that tho ilpi and 
□lgnliude of Che charge aspirated !■ a acnaliiv* 
function ol tho cloud and cloud pacricl# pi>’>perilsa. 

In general at lonperalurel colder than -20"C, bail 
hrrari neg.ulvelv charged, bul at ear nor trepan lures 
it Uraod poalcively charged. 

1 he liHDniKi of Ihr lovar positive chariw tumor In 
thuodrratoini, anJ lha Initial ion of a lightning flaah 
vhlrh pracodca the rumaouly ubivxvcd gush of rain an 
lha ground, nay ba esplainod In leaoa of thla charging 
picttil, flbuiidenloro Charging! lightning). 

J. Gaophyi. Rea., Di Popir 4DIU7. 

If 15 (Electrical Phtnorseiiat 
LIGHTNING PHlWWEiWLrhif 1.1 THE T4KPA HAY AH It 
David U. Paekhn CUopmuni of hlatlrlcal 
E'ljln.ierlng, IMIinilcy ill flarlda, (falnoavllls, el, 

1 Jh Hi Han In A. Ua»», and Cheater K. Mllui, Jr. 

A lightning local lit j ay, ion aspln/Lng iw wideband, 

gated ■Mgnetlt direct ton-f Inderu m 'MikI iludy the 
iisgatlve i luud-to-ground lightning in 111 uIvTiu which 
or,«rrvl on eight ibiya during Auguac, 1974, In tho 
Tanya Bay Area of vl>>r 1 the itt'ina ooro tliiilllaJ 
aa II alngle-penb alorau, npstlallv I uu Luo-1 fioiplryi 
ol tight nlng awn . lunl-to-groun J fLiahlng rate va. 
Ilv niuoi o.hlMiad a alnglu peab| 2) rulelpla-paab 
stwra*, sp.it tally Moisted grouplnge of llglitnlng vleh 
nultlple-po.it' flashing rite,; and 1) atom ayalvo,, 
tv. i or n-.ra relate! ■ I ng la-peak and for suit Ip' 

• tarn,. The ful lowing par i-k torn are given (or 

ilnglu-peah stolon, bu 1 1 1 pie-peat. atom*, and iturta 
muni: durailon, area, enter of ground I la shoe , 

naan ground flash Jean Icy. c'li ground flashing rata, 

• ad r.nloin grouad flashing rate are raged over a flvo- 

nlnuto Inca rial- 0rounj-fl«h count, are wrreitad 
f..r the l-rarlon-iyatea datetrlon wfflcloncy uhltlt 
varied (run about H j .ir.ont ae clous range to about 
Vi psrcwut or lurt to 15i' Vi. Tt>, nan dur.itlan of 
SlngUi-pesk, storu, null (pl«-po»tt stuns, and scorn 
•ysteaa was At, 77, and ltd odnutas, raspsctlwsly; 
lha naan area 10), 21b, and 400 square taiseatwrs, 
rvrpocclvalv; and the non nunber of Lightning Hashes 
to ground ri, Jli>, end 887, raapacELvoly. The cean 
ground flash denslcy for a I -agio- peak atari,, ailc Lplo- 
petk acorss, and il tra gyicaat was IB x lit" 1 , II s 
it)" 1 , and 4.7 s 10*' ko~ * «|n" , raapeeelvaly; and the 
coin ground flashing cnee 1.7, ),4, and 1,1 at»” , 
r y ip,* lively. Th, highest oaslaua ground f lathing 
rate averaged o*ar a flva*aln.jte Incarvai lor all 
Single-peak atoms, cult Iplrjul storu. md scorn 
spstesi was II, 22, and 32 oln , reaper lively, while 
the naan el lha uilnn f lathing rales vat 3.7 , 7,1 
sad 14 nla” , ranr actively. The relation batmen 

star a dor at ton In Binutet, 0, and nunber ol ground 
flashes, S , for slngLe and eulEipla-puatc , turns can 
ba doscrlfan by log |Q H g - O.OISO * 1.2. 

1, Ceophya. Pus.. D, Paper UU1II, 

3170 Pirllstsi and laroaela 

MTU OF DET DZPtaiTION DBIEU1KED DB1KB 1ZI/D1T 

tnuena 

I. I, Peaty IlnlnmiMt Kausriaaata Liborsrory , 

0. I. Dapsrtaant of Enargy. Her fork. HT LOOK). 

0. C. Bogan, S. i, Hagraeinsy ni C. C. Ibriulo 
Dally aiaplai of dzyfall ears anil, a tad dsrla| Iks 
Jana 198S Dry Bapealslon biHUiMil lot arsospir iron 
Stsdy at Chupalis, llllaala ulnf sis Asrasbas Halrlsi 
isl/dry sollasleri. Upon csoplatlsn of Ike field 
eipar (want, tkria lUpler ears uilytrl at Ik, 
btlmnaealab IbMmrinaata Lib ot story for pB tad for 
(hair soneaasrsllani of siju IsorgsBla aonaiitsasta. 
Dost an Inal las by rile mad Had drop? lags rsndsrad a 
aiabar Of dryfill tisjlit ssstibls. lha, dels for 
ibasa aanylsa sera rennaad, Ua ranslning data 
displayed sscsplsbla yraslllsn fas nalfsta, attain aid 
aageaslsn, Tka aasssrad dapoaltion rasa, ssrlad 
halssan 7 sad 1) a| s'l.r* far sslfsta, bmtviio 1 
■ sd 44 fez claim, lad batcaa 0,1' sod B.l for 
■igualn. Iks praaisloo of tka data fez mnlu, 
alirsts sad phoapksta nsa ynar, so wo bin sol 
ttloslalad dapoalllos rads for tka so oosatlisista . 

Tka BtaassaHala of tho sCMipkorio luiintrilliu of 
lalfktt re port id by tho Ililaola llato Titn larvay 
kava hast and to oslsslata dapoilliea voloalttaa for 
psftiaslmla tslfaca for 18 dally lUylli , iota Ckoogh 
Ika aaroaol luplar and tko dry ksokot Of lha eat/dry 
■oil tar or ary mi asnpla Iks tua ilia pofelaiioa of 
parllsalalaa. Tkoaa valocltlta leased (hi B.l to L.l 
ea,aaa~l, bith a ■sdlan ealsa of 0.4 «a.ias~i and a 
atas of 0.45 *0.11 oa.ase"*. 

j, Ceophya. Has.. 0, Vapst ADllOk. 

a v Jv f .r'l. lf* ..IS.1 •'-•'ll 

-,»u '.STILL I 7k I-1IM PVA t J.-'H . c I RAT' if Ills PIC SkkLU'llf. 
ynv I'Hi..; '..r.l.hf fh, !«'.■: n< : A 1 e-'' HIVriFIl'.TH 
ANSI ■‘II.. 

J.U’.V'ULK, P, l-Aiwre; r, t. Hue.hlk ' dLntvratalre .i‘rp- 
Il'l'iC A|e-v.5|!n.rlcu« - HU Jtu - I’niv.'tnne d.*4 •>, |ep, en 
el Tfenuiq.Hi de title - ■.90'iS, Vllteneuvo 4'lirq .'edu 
- Fr-it'--r »l 

ins Any it mo -.-"fflclenr frsTllem .|*ibjo»il fntei ‘jl 
SCO mroLtlt* obuwrv.V l"Oe In July I'tC I helve nn ‘jU'tl 
and 70 "H hive l-r«n uiinl *'■ "fad/ tne s.irJ-ition or tl.u 
.vraial n I : a Jlatrlt'i.t t-n I x. tr.o H"U.I SI. tlnlms 
air.ift.'l It. -o-.E cvku « In/tr nl lsrj« furllrln 

•- .-r r .'Hi-^rvitlt-r 'u 'It" r.vl-i- u«tin-n.-n ol lH-.-.Vn is 
t r>f. p e . | ty ii luynr or v*.ill |t.t( l.-lun. Tt.e u'u ly ,r 
prvtili-h .i«-or.|»*e,l oar lv" lalllmto hindi |..r Viy la 
(l.vre-b.-r IW0 fcavn - 'iirir— d the "sirnt of into 
nlt.iiil'M, ■hlcli eintriula sllh u ruth.-r I'.iniatit uiro 
dkatrltiutlen vlthin the unr-rtui Act) nt i-jioiphore In 
l Adnu-alhn mu rq.jtwwlant Inc-nor-'iii site diairl- 
tnitien with an arncs-tivo vsrlsncool u.i-'.-j, ihs logn- 
rllhnlc r.jdo radlUB In' (ounil aruund h.l'J n Tor tlio 
barge I'urtlcie Inyrr uni .iraiul V.W n Tor lha top 
layer, Thu Inferred C(isn dentil (v profile is nlrcngly 
influ enn-il br thlr. ntrocture. ISlroteaphartc asresolu, 

Butolllto ohvervaklrn I . 


ayaiau of tho tadsr nakav it pusatbla to aiesr lli* 
isder oo.li. la ao Intorpulss {arlod L-a, 4UU ,ui. Tno 
■•at a asm syslo.a consists of I nm pendant! y apsrvilvs >ulr 
gruups, each liavlng la Tagla. W osfoct various so- 
phisticated oxperlosnlB By cits syatKl, A prollolnary 
obssivatlan was suecassful to elvctdata stwsphorlc 
cations during lypiwon 3 snick approached cho radar 
■it! In August , 1983. (fMT radar, nlndlo muiphsrv, 
upper Btuauphuraj 

Sad. flat.. Vapor 431062. 

173kt (to tear a Logy Instrusents snd Tucfanlquos 
TEST OF A FIOTOTtVB EDIlf ACtUHULATOg fOk HEASUhltK) 
AlKUSrakEIC VERTICAL FLUXES OF WATER VAVUK AM) 
FABTICVIATK SULFATE 

R.E. Spent f HD-57, U.&. EnvlroncantaL Protactlon 
Agency, geaasreb Trlsngla fark, N.C. 27711), K.A. 
Fiiarsoa, T.O. Ellaatsd and J.L. hirhas 
An eddy aecuculstor was daw loped snd opentsd dur« 
Ing the Dry Daposlrlon Intareoaparlsoa Study at 
CkaapslBB, Illinois in Juos, 1)82. Tho ays tin col loot- 
ed paLrod suplss for liter vapor sad parCloJats 
sulfsta flus suwiiaanu, one siapio for upward 
eddtas and tbs other for dounward add lie. Hina teen 
valor vapor leap Is » wars analysed grawlMtrltaUr 
sod too sulfsta ssaplsi wars analysed by Lon shroo- 
eiBgtaphy. Cooparlion of water vapor remlta with 
addy correlation nasioreasncs abowad that dlscrip- 
uctas aacaoded pridtoted errors. Bo slgnlflcaat 
results vara obtained (res ihs millets aaeplai, 

I. Caophye. Ess.. D, Vapor tDlDkl. 

Mineralogy, Petrology, 
and Crystal Chemistry 

4210 Parsgsneais. Vstrograpky. and PsirogsnciU 
OfttDIR or WSO20IC AND TERTIARY DRaNITE [H IKE Hi TERN 
UNITED STATES AND IMPLICATIONS TON PRE-UESOZOIC 
CRUSTAL STRUCTURE. II TO AND JH ISOTOPIC STUDIES Of 
UNtltMERALIZED AND CU. VO MINERALIIED DRANITE IN IKE 
IWCAHSRI AN CRATON 

0 L. Fs rater (Lai A Luos National Laboratory. US-J&I4. 
Lot Aiaiaoa, NH 8TB49) and D. J. DoPoolo 

In the Cordi llcran region of lbs woataru U.9 . 
Haaosolc sod Ternary poralsalnaui grnnit Ic rocks 

display roglnnal vert at lens In Util tel MJ Nd/ l,4 Nd 

(e M ). i Kd ■ -10 to -IB Id lonlbara Arisons. -17 lo 
-IB in lEo narthirn flrsal Basin (NOB), snd -20 in tho 
norlbarn Rocky Panola me- Initial B7 «r/° B ar raluos 
are halwaao 0.710 and 0.731 snd ibov no ragionsl 
pmttarn Uri mlvainous granillc rocks have a wider 
rsfiga Of r„ d vslses axlaDdlog I row values smilsr to 
(host of Lbs Barsluuinsus iraoitu lo uch highsr 
valuss The B 'Sr/ IB Sr saluss era aoslly lairly low, 
balsam D 109 and 0 710 oacapt is tbe NGB sbars valuas 
aa high as 0 7|97 are obiimd Ho lyilaaalir diflar- 
encaa boiwern the i M or B7 9r/ BD 3r valuoa ol Cu or 
Uo-nineral lied and nminoral urd premia ware dia- 
t erned Coupar i ion lo (u d valuas a I expoied Pra- 
cubrian rock nggaala thol Ihr prrsiuainaus granule 
lull were derived ozoluaivtly Iron IrlaiC Praoeabrisn 
baaonant rorka. with Iho rational variation! In lb* 
gronila tug value, roilocliBg a ragionsl variation id 
I hr avaraga crualal r Hd Tb> Md dala conlira IMt lha 
Prazukrlsn baicaanl underlying Ihr NOB and saltern 
California >■ uolopieally diallBct Iran Preaaabr I bd 
dual id tha rcoiMder of lha sealarn II S. Haialtnii- 
soua gronilic rocka ara Intarprelad lo hava (oraad via 
■lilng Qf luotle-darlved «|ti and 1ar|v proporllonr 

01 lo> “ 7 Sr,* B Sr (iranulllt lacivai lower orual. or 
possibly by anilsila aololy of utlc lower crual DTE 
ahundasEa pal terns lor iseloluniBnus granite In tho NOB 
an chincLtritad by aslriaa UEE anrlslnani. cansle- 
lanl with Ihr propoaad origin far Ibsaa rocka hy 
■antlo/crust ailing Overall, the Hd dala indicate 

I hat conlinsMil Inlarmr iroallla rocka lo Ih* 

■eitarn U-3 vara darlvad pnoarlly f row pr'-asiailng 
rrual and do not raproaont aigoilicanl juvtnilv 
■dditlona lo lha conlinaol 

J. Caophya. Baa., 9, Vapor 110192, 

4260 Pacrogsnoifs 
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tha margin of tha amgaa chamber, than expanded out- 
ward Into tha pa recab la basalts and Inward, (allowing 
cbe gslbraiuyu Interface. Ground waters derived 
from Joints In the surrounding basalts riovsd Into 
tha gabbro, wore hanlad, lowered tha u O/ “0 ratio 
or the Intrusion, and fillad Its fractures with horn- 
blende, cLlnopyrasana, blotlce, and cognac Ice, ()i 
At B00®-750*C. volaeilQ-rteh granophyrlc aaitn da- 
rived from a toped b Locks of bassnant gneiss expanded 
and crystal llied aa dlka-llks bodies In the gabbro. 

(4 1 Below 70D*C, fractures continued to fore and 
hydrothermal activity continued to coal tha Intru- 
sion. Tha rtUtlre age, abundance, cant Lenity, and 
Dina re logy of tha vales ara coni Intone with param- 
eters used In previous studies of thla Intrusion that 
predict the occurrence of a hlgh-canporature hvdro- 
thorasl system and a llmo- and volume-averaged por- 
raablllty of 10" n cm 1 . Our new data Indicate that 
lha parmuablllcy of tho layered gabbro decreased with 
tlmu because tha flow channels ware sealed by high- 
temperature nlrwrnl deposition. Uc thus cencluda 
the following: ill layered gabbroa fracture In 

response to local serosa at conditions Just balow 
choir solidus tsoFeratura. If tho confining pressures 
sre typical of ihs upper crust. This observation con- 
travenes tha conceptual viewpoint that tha atvlo of 
dafornailon at such elevated tanpa rat urea Is only by 
plastic flow; snd (21 bscauia in aztonilve fracture 
network duvslopa at these noar-solldun CBmporatutas 
in layered gabbroa, tho bulk of the hydrnthenaal al- 
teration of such bodlea takes place at oxtreoelv high 
tenporaLurea. Thla helps clarify tha apparent parados 


Oceanography 


j. csopltya- lea., D, Pay nr (D1I0S. 


[UE 111) FAUAlll FIRS! u£9b’L15 U31SU A CM UAL SfHTEII 
3. As to (IsalD Al anaphoric ScJanca Cinlal, ' Kyoto 
imlvsralty, UJf ullJJ /. Otiwp, f. tm ids, T. Sato, 
I, glauca, S. Mao 

iha HU radar (Hlildla- and Dppar-atwqaptasra radar] off 
oajc (Radio Asuspi«rJc Ndsaea Uaoter, ayoto Uni- 
versity) la sow partly lo operation. The fool lily 
wilt ba cojpisi* In 1989, Tho act tv* array oataana 


WCI.EATIDN. CRI6TAL CROTIU AND THE THEAKAL RRCIHE OF tN| , . Htre „ U„ 4>p | etlfln| , r< , ounil " fralh " ]a „„ d 
C'MLiNG HAOU3 gabbroa. (Hydro therms I ay, tans, oxygon lsoropaa, vain 

G. Brenda la (Lstmrsiol ra da Gfochlnls at CdamncMnls, nlnerology, ugn, chsmbara). 

Inatltuc do Physique du Globe at Univaraltga da Vsrls 6 st 

7. a place Juulou, 75230 Pam Ca. Ids DA, Frsncol, G. J Ceophj*. Re,.. B. Paper 1MM 
loupart ud C.J, ALIlgra 

J»y«ntllaaetaa at th. rergin of a qulot coaling msgoa „„ {Ma0C . Ssn , Lng o( 

■todlsd ouMrlesMy^ taking Into iceaunt the CUNIT1C TgggAIHS VIEWED RBWTELY BT SHUTTLE INFRARED 
klrstlcs aF cryitalllsaclon. Tha varlablaa are the latest CCKPOSIHOHAL PREDICTIONS 

■j- ■- “■ — ■ •» 

zrr:, " , . 

eTyataLlltaClaa randa Lovaria an aquLLlhrlia beiwaan heat . . Q - at tha chuctlo MulFianartml 

product ion flat ant hast ralaiae) sod hast tall. Olvan tha ^rreredMdlL^or (SKIMI h«« taan ised^o Iredv 
.Mil dlffualvltf or country rocka, l.taot bast r.l.a.e la ™ rhrei 

lb# main raetor controlling the (Soper, turs .volution. In areola !?!! l o5vSt J 

order to minimis, tho let. nr hsat r.l.o.., crystallisation ' "* T ta . ta ? l# ™ , f , P ? ” 8 i?" 

occur, at a tsap ara Cure wh.r. sue last ton !. wall. This *" " ldl ; y ' ° 

c.o b* close ta slthar th* llqutdu. or tbs relldus. T* ! ” odlcation In tho npactre that ourf.ee 

dapsndiog on tha Initial condition., tha tuln prac.s. »l«r.tlon m.ak. tbs true c«poaltlon of eho 

control ling cryai.lllaar loo 1. nscloation snd not cry. l.l f« k : °f *«" «« 

growth. Noe last loo occur of rit.rp pul... romposlclrual cypo. of oust of 

Fillowsd by looger ported, of crystal growth. Ik. h“ «l°«8 the orbital p.ths Rsnult. dsma^trst. 

nuclsatlno pulsu ,lv. birth to th.resl o.clllarlono. «“-infMred «thod used l. a powarful 

Th... aieLlUtloo. esa ba .u.talnod if th. Interior migre t,c,l " lqi “ p Lh “ ™rtjkillcy ol tha.s rocka 

caparaturs 1. xbava th. liquids, tnd.pand.ntly of th. “ ^ of re, care to klloreitare. (Oranlta. 

hill lass sec haul Is. Va show that the phaiussnon occurs an 8huttl “- tnlrarsd, ramoto asnaing). 
tha seals of a law cantlostara which correspond! 10 tha J. Osaphys. Has., B, Paper 430926 
licb-srals lsysrlag of aaay ultrsbaalc rasp lares- The 
modal allow, ca to ealculoto cryiral alias which ara In 

goad agreansnt with gaaloglcal ohaarvatloai. tha crucial rv a 

par ins t ara which dstarolna crystal alia urlatiana rear UCCSnOPrflpny 
the margins of Ignaoun hodlaa ara tha Initial thsrul O L J 

ESS «T .fLi? SaTSTS tu Bt “S «« UT “ BTOUNaH VS0CI8SBS SPATIAL VARU- 

1 [qoldna , algal Meant alia variations ua bo croatld by IIM I ® . SEA 8DHFACE TEXPESATUIE AND FLtB-ROATBD PA1AKE- 
small thsrul dlstorhancaa. f Crystallisation, ccystsL IEASUHHD FEOi AfHCHAVT IN TBB JABDi DPU1HRNT 
alia, thsrul conditional . *' Timothy Lie (Jit Propulsion Laboratory, Cal (Corals Ir 

■(lists of Technology. Faiiisai. CA 911011 sad Krlstlaa 

J. Csophys. Ha... B. Fapst 4HIM7, !;J*«r“i 0, x. <D, . P,I “s” t .V 

• Ity or VasklmgioB, Haattla, VA 9S1IS) 

Spatial variation of some ysraaolOri assswad on too 

A2G0 Fotrcgropky tueoan Floor basal to) ilrorifi fly lag 100 km boi sod 200 km triiaialar patterns 

SEGREGATION VESICLES OF OCEAN FLOOR BASALTS ill. »» low livols la tba staoiphirio boudsry laysr doling 

tks Joist Air Ssa Istarictloa Exparinsat ia lha North 

D. Bldoau (Contra Ocfanologiqun do Bra tag as, BP ))7, Atlantis itsdlsd. Th, vsxlotioa shoold hs esprsasa- 

24273 Brest Csdu, Franco 5. snd i. n.kLnlon l, “” ai ,0M,r oamdl tiooo la mld-Utttsde ossans. 

Tka virlauei daoilijr of iwotalf ■•Died ■•■ anrfiaa 

Thin ibccLud aiudlu of *bo*jC onm hundred rock noa- liipariutaf aorraotad for tkj n/IicUoi, ti found in 

pies raeovored fra tha Mid-Atlantic Rids* (FAMOUS area 8 ' pMd “ °“^ dlM “ ,lDMl «*««»ksr nlisd lo lha 
t [wot of spprozlni toly -575. Non-onlfore Bloods add lev 

osar 3) N| Show tbit tha occuzeeca of lagrsgation vail- frsqaorey varlarea lo ohaarvatlons of a doomed loaklog 

Cios ia eonoon but rsatrictad to oardcular tasural radiemitot »4 raioli la slaspor slops or lha apaatra or 

oaoorrsotod ssa urfaaa treysrilBra, 

lonsi carrel rending to th, loner portion of tho pillows. Turbo list flaxss of nonsnra. aaaalbla host and moli- 

A dots il ltd stud, or an .phytic olivlas-bsa.lt august. !“* h » lk foreol.a fro. tko 

....... , passnatara - wind spsvd. Irepsratora. apse If lo hsmldlty 

CBU tha forest tan of aagragstlon vaaicloa is a propria- sod saa sarfsea tsnpsritsrs, sssiuad from tks alroraft. 

■ Iva precast which occurs during a par led of tha o«w **' of ,k *'* #v,r • ,<h flilkl log oora 

. , ssmpsrid silk tks floasi datsrelnsd Fran tks parsmsttzi 

llng-t Ids whtra Vlaeoum datamation la still possible. svaragsd ovsr Ih* IUI tag. Th* dlffonsts is nsgliRl- 

TMs study provides erltaril tar select Ins tarsias bis. showing thst spot I ally iviragad obiarvatloai, insh 

... _ . , 11 “““ fr°" ipsoskerns siBaors, esa ba ossd la tha tall 

Which nay la oriented by the nsthod of BUssu sc al., foimalao to svslaau th* riosti. (Soi suras* tsmpsrs- 

CIM7). Thla Ml Hod la halplutl tar nalaonsgoitle atw- , * r *’ 

dlaa oo ilndgai baisLta fra Iba ocatn floor, (baas 1 to, J. Goophya. Rn., C, Pnpor 4C1097 . 
ligragaclon vsiiclss, aryitslliiit ton pracsss), 

J - - «“ luKirSJuScTS Of IHO WAVES IN THE PACIFIC 

Dtnild y. Haitian (NOWAOKL, Hlul, Fiorldt 33149) 

*760 F»ra*cni«U. putrography, and Fatreganasta and Girl A, Paul 

TKR CEWETRT AND HIGK-TEMPERATIBK BRITTLE DEFORMATION HdlDlCAl* tddy notions gMOtiatld With cusp- Shaped 

or THE SKAERCAAKD INTRUSION RSiRi sbout 1000 ka long oblgrved in SST piUerng In 

D. Horton (Dopartrent of Cooictancei, Ifnlvarilty of ih* ■QURlorlal Pacific 0c*H wars Invaltlgated using 

Ar lima, Tureos, AZ 8S7ZI), H. P. Taylor Jr., D. K. sstsl (llB-lrscksd drifting buoys. Tha addy klnatlc 

Bird vsrgjr, llkt tha SST froatal vava pattarn, Is 

Tha Shisrgssrd sagu chsnbsr formed appraxtnatnly lltuatad prlngrlly north of the equator. Th* darl- 

3S m.y. ago along tha oahryonlc rife bstrein h. dlonal itructirg of tha mitoicile motion providei 

Arnica and Euop. as tholalitic basalt regal flared «rong gupporL for TK«t thasrttlCBV wort thit 

iffwitd along frecturen fa baaint goitre snd than stlrlhites tha wans Kid aisoclitid Mf Ocala addles 

lafll trend tha ■iritlgiaphtc voconfarmUy at tha to Ehaar Instability of tha atm zonal currant,, 

baao of a 7-v-km-tblck nictlon of cant Inoutsl ba- Calculation of kjnalfc snd potential ontrgy canvsr- " 

nalta. The asgu dafloctad aid fouled th« over- *lwi» by tha ssvoi Indirslg so a-foldlng tW for t|ia 

burdon ns it (erred a 3-ta-cbick, 167 km*, laccolith- parturbatlgn of about 2 waoki, and a braking 
liha charter wtu Alliptieol ta™ (ovB km, tat km) Influanca on Uw mean zonal flat Mulvtlwt to a 

in up view. AS tho choohoT grew, At. fssdsr pips, , c tango or a raw tinthg of a djno/ci 2 ia (ha lurfaca 

wore eroded lata conical depressions i blocks of.guaUa >*nd Hr Mi. A Hrldlgnkl iddy boat flu*, conysraant 
wore raf tad to tba chsmhsi top. and aamd block, warn 3«*tor, alto Is 4«oc1.t«d with tho addles. 

. * u ” d * ,ld "ntrefred In th* mala ups aa "tmalactbla". , NlUiln 2‘ of the oquator*. this addy boat flux Is of 


1,721 

LOW FRBWIUff £EA LEVEL VARIAPHITT III IKE VICIKITY OF 
THE EAST PITER TTDM. i-TBATT 

Robert E. Wilson (Marine Sciences Resonrch Cooler, Elsie 
Lhil varsity of New Y.r* , Stony 6r>c-k, How Tvrtl 117441, 
k-C. Hong and Ronald FI lade If,., 

19 1 o Eaat River is a narrow tidal a trait connecting 
Long laland Dound with the 1-iwar Hudscn Estuary i the 
Jwmd and Estuary loth ccTscunlcata with tho Nov Tort 
Bight. Sub tidal rluotwMt-NU In aes levs] dlfferanca 
between the ends *r tho strait which are coherent with 
Bar:-troplc ru,w tlircLigh tho Btralt are produced nalnly 
if direct setup In tho Pr-und nnd Estuary and by ass 
lsvol ductus ti,, ns ( prlnnrlly wlnJ fcrcoJl In tns bl«l,t. 
i'.(provlnataly 70S of the variance In sublldol >ea level 
dl rreronco can be so c our, tad Foi by the two 'cjfv Dent I of 
wind atresa. The direct H-n nr dominant wind forcing 
(wind otresa dlreetloi- pr.-tuMnc culnun rosponse) 
varies cr-riB 1 Jeral'ly with frequency . P«ap,:n»e runctlco, 
relating sea level difference to wind stresc c-iDpcAsn*! 
c-eiputed for 120 Joy series for sea level and wln-Ie 
allow us to Interpret the direction of dattnenl forcing 
In tsmui cf the relative c-«trlvutlwn, <■'. -Ilrect si'.up 
urd sea level fluctnal I one In tns Fight. 

I. Geoplrys. Has., C, Paper 4CI074. 

4730 Intocual wavea 

EQUATORIAL IU LBVTL RESPONSE DUPING 

THE 1 982-63 EL NT HO 

B. Lukas IJ1MAR, Ho Ivon It y of Hawsll. Honolulu, 

Hawaii, 99822), 8. P. Bays* and t . UyrtH 

During the 1982-8) El Hlno/8«iihera Oscillation 
event, ssa levs) across the width of tho equatorial 
Pacific adjusted to the reversal of Ih# equatorial 
trade winds, and by th* end of 1982, tbs normal •** 
loval slops across tha Pacific had bssn eliminated. To* 
transfer of warm upper ocean water from the w,«*r* 
Pacific to tha east are Pacific was accompli sbsd by * 
combination of direct wind forcing ■* th# wind 
c roned tha haaln and by us* flu* Induced by Ire* 
equatorial waves. 

Tba taportanca of squatorlally trapped lalvla vavej 
of rixei and aacond vertical mads during the on,*! « 
tba 1982-83 HI Nine is inToned from the ersu 

correlation statiatics bstwosn central sad naiifra 
Pacific asa level stations, and between wind varlalleai 
in tha western Pari tic and aqwaoorlal son l***' 

Stations to tho oast . Tbs different propagation 
of these two modes appears to bB reipcm it 1, for tie 
observed chsags in shape a( tho major son lave! 
during tba 1982-83 evrat . Teniae Ivo evideace for flrll 
harocilnic mods, [I rat meridional mode Hereby wavs* 
also presented. (Equatorial waves, 81 Hina, level'* 


J. Goophva. Ra*. , C, Pnpor «IU15. 

4 7SCI Ms'lno geological piornios IDoatBss, TurBidily 
Currents, ledimerneiiar) 

ON THE MOTICiri OF Vl.n 1 SMALL BODIES IN WATER 
WAVES 

L.A. Oimdnsr-Curlo (C'coinogrnc.tiicnl and Pi'la Engine*' "9 
Deparimcnt. Unlvorsily o( Sanianoo'. Sanlandar. sPR 11 ’ 1 
Soma equations describing tha motion ol a small, i»« 
hodv, mal move, in iranslaimnai motion through a f'uiu 
which la IiiqM in unsteady and r,on-unilorm mol ion are 
darned, tiling a perturbation schemo a simple. * r,J 9 U 1 
general solution Is dblalr.oa (or 'ho loading or dor 
appraxmalic.n nl the vsiocily ol vary ima'i bodies I" 
naler VAOvea. Tnli aolulicn ,ho«s mat. at leaal lrt '" a ' 
cor i am genorai cor.dilloni the hypothaals o> « m * “ ( B ® 7 
iir.-.o l» sound, al though «hi» tin.o is nvl <h« 5>n,e luf M 
vertical velocity ccjmponsnt as (or lha nomonlai one. 
assumpiions uisd in this darivatlon are lhai do* 
acraiar alien, bib small compared with gro»lly and I • 
uwf/gxl, *hicn dsfinas whai is called '»ary smal aooy . 
*r being ,im water larminsi (all velocity, « angular 
Irscuanty ana g acceleration of gravity. iWalsr wav , 
Sediment Motion, Hydrodynamics, Small Bodlail- 

J. Goophya. Res . , C, Papar 4C1D32. 


■. Timothy Lla (Jsc Fropnltlaa Laboratory, Callforuia In- appro*, mall cm ni tba vsiocily or vsr, imsn BOU1 ” ' 

■t lists of TackMlogy. Fill leu, CA 911011 ead Kristina " B,B ' ways*. Tnla aolulicn »no*s IMt. at isast un™ 

B. Eat, a so, (Dspartnomt of Ataoiphorlo Hsiiasss, Dnivor- ceriain genorat cor.dilloni the hypothesis ol uma oe y 

• Ity or Vaiklagloa, Haattla, TA 98115} U',,s is sound, Blir.ough this tin.o M rwl th# soma rar 

Spatial varlatlao of ares pirsmolari mbs wad oa too >art,cai velocity cqmpunsnt as lor in* norironlai on*. 

■ Irerif 1 Myisi 10D km boi red 200 km lrisa|iUr pattaras assumpnons uisd in this darivatlon are lhai ,l0 " 

al low lavola la tha atmoaphsrio booed try layer dor lag accaiar alien, are small comparod with gravity * n “ 1 

tks Jalat Air Ss, latarietloa BzpailmiDt ia lha Nosth uw|/g>< 1, which dsfinas whai is called '»e'y 

Ail sat la was nodlad. Tks virlstlau ibeald b* tsprsrea- *f balng ,im water larminsi (all vsiocily, « enguia 

litlvs of areair oaadltloo, Ii aid-1, litre* oresaa. Irscuanty and g acceleration of gravity, (waisr 

Tka varlaasa dsailly of csaatilp asoisd ,oa snrfaaa Sediment Mellon, Hydrodynamics, Small Bodlas)- 

linpsretmti, wrr.stad (or ,ky re/I. otto.. Is foaod to j, ttaophya. Res . , C, Papar 4C1M2. 

■ip, ad on lha eu-dlrenilonal vavsauhsr raised lo lha 

povsr of approximately -575. Noa-onl fere elood, add laa 4765 

frsqa.ooy virtarei to observations of a dowavird leekLag ggmVAL op .uar.in rrv op TWO-DIMENSIOHAL P0WEH 8PECTOA 05* 

rreiomats. art rre.lt .. .lop. of th. .pa.tr. of SmD W pSiSS HHtF RADAR TKAGES OF OCEAN 

aaoerreatad ... HrfMa tnp.r.ttrra, Atansa.ov, W. Rowaorhal (K«-Pl.nck-In«tita* »* 

Ttarbal tat flazre of momiara. laailbla ksit and mall- ora i oa ia EiJidaaaiT 55 - OEWATIHIM, D-2000 Ha^n l3 ' 

tara war. dataralaad with lha talk fonuiaa from tka Federal ReouhUo or'darreav) and P. liarex , 

paiimaier, - wind ipsad. Irepiratara, spaelflo hwmidlty p alnole ocean sarfsea lmsaa tc la poa.101* *° * 
red aaa sarrasa lemparatasa, ■aaiwrad fra the alroraft. th# d i r , eC lon or aurfaca iavao ua to an ■**| | W 

Tk. avaraga ■ or lb... flare, rear ..ob tlighi u, tks i»M* ■“**, a 

coop. rid Will tks rioas* dstatmlaad fra th* paramstsrs th ^ , " baoauaa it la sysostrlc Eor r«fi* ctl ° 

areragad over Ih. .... tag. Ih. diffare... 1. re.li|l- „ ,1“^. ta ™ 3. ,o cH isklsi I" «*•“ 

bl a. thaw tag tka I ■psllallj sreragad obianacloai, soak |In van (a™, propagation diraotion eta ^a 

■■ Ikoas from sp. reborn, i.B.or., earn ta read la lha talk ^ pral^C M nalyala Chit l*"' 1 '' 

l^ fjare.r tb# """• *“ f,M t “ e “* oS-tSTSS -S.S from ere auoc.Lv. -« 

providing a unique rev. dlvacclou for each ape® 


J. Goophya. Are. , C, Paper 4C1097 . 

4713 Circulation 

URESIS AND EFFECTS OF LOIS HAVES IN THE PACIFIC 
Dtnild V. Hainan (HOAA/AJXL, Hlul, Florldg 33149) 

Md Carl A, Paul 

tasoscdla addy nations assoclatid with cusp- shaped 
Niftl about 1000 km long gbierved In SST pi Horns in 
th* aqualwlal Pacific Ocsaa wara Invaltlgated using 
sattl 1 ita-trackod drifting buoyi. Tha addy klnatlc 
wargy, llki tha SST froatal wave pattarn, Is 
i tuatad primarily north or the gquatnr. Thi narl- 
dlonal itructira of tha masoicale motion provides 
strong support for rKant theorotlcaV work that 
stir Ihitas thn wans and aisnclatad Msec a Is addles 
to shaar instability of tha nan zonal currant*. 
Calculation of kjnaltc and potential enargy convnr- 
slon* by tha wavai Irdkau an a-foldlng tW for tha 
perturb at i«i of about 2 weeks, and a braking 
Influanca on the mean zonal flM equlvtlsot to a 
ctanga Of ■ raw tinthg of a dyna/c* 2 in tha surface 
kind itrMi. A Mrldlgnil iddy heat flu*, convargant 
“.J 1 ?* Rpdtor, alio Is nsoclitad with tha addias. 
"JJ V 1 of lh * ofluator, this addy hast flux 1* of 
Mrriclaot Mpltuda to affsat as Much is two- thirds 

. h ! "5 iB ■bfWtOMl liaat flux dlvargeflca aiso- 
cl,, “ with th# near equatorial Eknan divergence and 


providing 4 uniqua vmvt dlTtctloo for «ich 
ponant, 

J. Goophya. Has., C, Papar 4CI094, 

4770 Turbo lane a and dlffualoo 

EFFECTIVE DlFPuaiVITISH WITHIN OCEANIC THO* 8 *! 1 " 
STAIRCASES 

Dan Kelley (Department of Oceanography, Dalh™«|« 
Unlvwtalty, Halifax, Nova Scotia, Canada UK »■»' 

A scale for iho thick..*, of layer, in ragurar 

"dif tua ive"-typ* tharaohallna stalrc.re!. d.rraru 

from dimanaional onalyais, }■ taund * ,:|^ r . tor y- 
ocganlc dale. Creblniag chi. acmla with '■ b ?"' 0 ' r ir 
derived doubl.-dilfu.tvi flu* l«ws, «, ta™***** 
effective dlffualvltioa tar salt, beat and dta*«» 

The dlffuilvltiea dapand tm the Turner nuatat. »■ 
hut are independent of ihd.Brmoe-Vmioala 
Per Up near 1, the dlffoaivltLaa tar salt *“ 
are apprextaately equal CMtfVi ' - Ttay 
roiighly a. Ho"''; and ta*, raapretlvily . over “■ 
nc.antc rings HIUkIO, (Dquble-dlFfuataRt . 

halipa ataircues, dlffualvltiea) , 

J. Geaphya; Raa., C, Papar 4C1072. 


!« 


were rafted to tba charter toy. red aama blocks were on lha eqretar, alio Is Hsoclitad with tha addias. 

fund and entrafnad In the mltupa aa ktaMactMa" • ■!» q i‘ or the equator, this tddy halt flux 1* Of J. Otaphyo; Me., C, Pspsr 4C1072. 

flutde. Crystal II tat ton sod qoeltsg producsd at ' sofflglaot-Mgalttiao to offsal as ouch is two- thirds . .- 

«52i. fa,r -ii ,t J"S * r “ lu " ?* *' i0S0 °- °f J h * ■» Mr Id Iona 1 hast flux divargaqca uso- . 479b inttraWnis, and Tachnl qua* (OtsqnqjrtpWL ihe 

WESTERN^ NORTH S IfftBS Wr y»-. 

hydtaehrtm.. .« 1 , lt? , ' Jriiltaphyii <**., c. Pepar 4Cioi3. v ■! .. \ . : RS* ^ ^ ’ fT * •' ' 
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raiacioreuip «■> »» »>»« to a reidllva jeoitraohfe 
itroam function of the /uroihlo E.tenslon using tempera- 
ture data (rom stpandoble ba thy thermograph (ibt) lur<0> , 
W navi eremlned the ability of tho North Raetrlc shfo of 
opportunity TBT program, known a* TRANSRAC , to carry n u t 
tnli procedure. Estimates of 600/1700 jp geosiroBMe 
shear wore goners cm from the *BT dais utilizing oblec 
live upping techniques. These estimatus were corearM 
with measured currants at 600, relative to 1200m il ore 
152-E fro, 2)/* to 42-N The estimated and T.a Sired 
relative current* are positively correlated, with an rm, 
error of «6 cm/sec over a measured dynamic ran.w of 
M M/sac, However, the rBT optima tea shears cre.l,- 
unlly underestlnate tne mojsured values by a factor or 
2 to J. Tho underestimate pf tne amplitude ts the result 
of boto undersoiipl Ing and napping procedure* that allrif 
n*U high wavenumber contributions of cne dynamic nolsht 
Hrtanmty. These factors appear to be responsible tar 
previous difference* In amplitude between directly nea- 
lured and TRANSRAC (BT estimated values of relative eddv 
tlnetlc energy and Reynolds stress. lo monitor tho 
Kuroshlo Euenslpn variability In the Future it t 5 
recommended mat TRANSPAC 18T resources In the’ western 
north Peel Me concentrate on obtaining a denier sample of 
the Meld during the fall and winter seasons because of 
IncooplRte f!P track coverage In spring and sumaar 
(Gsostrophlc Flow, JRTs) u g one sumaar. 

J. Csophya. Ssa., C, Pnpor 4CI034. 

4790 Instruments and technlquas 

RESDLUTIQN, BIAS, AND VARIANCE IN TOMOGRAPHIC ESTIMATES 
OF SOUND SPEED AHD CURRENTS » insures 

T, 3. Elslar (NDAA, National Ocean Service, Rockville 
HD, 20052), D. L. Porter. R. New and D. CTd^one ’ 
The Backus-Bilbert method is used to aval irate the 
quality of estimates of sound speed mostly and (two) 
currant components obtained from acoustic travel ties 
data In a horizontal ocean Slice. The approach Is more 
fllklbla than previous ones In that reciprocal tranimli- 
slons are not required and ir present are not rigidly 
coupled hy addition and subtraction. Nine categories of 
bias error ire identified. They ere associated with 
leperfect resolution or the three unknowns and cross 
contamination between them. Measures of these errors 
are developed which are system properties, a* are stoch- 
astlc error and resolution length. Bias error Is calcu- 
i!*? ,P B ” ar,edI “Parlmant* and combined with 
stochastic error to obtain mean error. Th* various 
quantities which contribute to the mein error can be 
selectively reduced snd brought Into balance by trsdino 
off resolution. It is shown that H is posslblo fn 
principle to estimate currents from one-way transmission 
dst * “d 7B * uU > suMRst that further study Is 
merited. It Is shown that arrgy design can Incorporate 
J "»l^tur-e of reciprocal and non-reciprocal 
transmissions, snd that equal weights tar reciprocal 
*. re l “ l ■’«>* optima 1 . (Current estimatei, 
tonography, Inverts theory). ‘ 

J. Ceepbya. Raa., C, Paper 4C3*30 
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Groundwater Transport: 

Handbook of Mathematical Models ( 1984 ) 

Water Resources Monograph Series Volume 10 
I. JaranEJe], C. Doughty, and C. F. Tsang 

240 pages - softbound - Illustrations $ 1 g 

Written In a clear style, this work reviews, selects, and demonstrates the best 

r“ m ° del> *° Predict lhe exlenl amundwater 
contamination. Prfmaiy emphasis Is given to the uso of simple 
tomulas and comprehensive tables, resulting h a readily usable guide In 


Volume 1. Synthetic Steamflows 
(1971), M.B Rering and B.B. Jackson. 
Illustrations, softbound, 98 pp. $10 

Volume 2. Benefit-Cost Analysis for 
Water System Planning (1971), C. W. 
Howe. Illustrations, softbound, 144 dd 
$10 

Volume 3. Outdoor Recreation and 
Water Resources Planning (1974), 
J. L. Knetsch. Illustrations, softbound 

121 pp. $10 


Volume 4. Multlobjective Water Re- 
source Planning (1977), D. C. 'Major, 
Illustrations, softbound, 81 pp. $10 

Volume 5. Qroundwater Management 
The Use of Numerical Models (1980), 
Y. Bachmat, J. Bredehoeft, B. Andrews, 
el al. Illustrations, softbound, 127 do 
$10 ' 

Volume 6. Metropolitan Water Man- 
agement (1981), J. a. MUilken and 
G. C. Taylor. Illustrations, softbound, 
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1799 Oanaral (Oceanography) 

•THOSPHHHIC rose IHO OF INTHRAHNUAL VAR tlBILITT IN IHE 
«aTHEA3T PACIFIC OCEAN, CONNECTIONS WITH EL If IHO 
.-I. 'J*!?. of Ootanoariphy, UnivtraLty of 
VM9 ° uv * r i B.C., Canada V6T IW5) and 

ftar. nftallcon 

The nsture end cauaes of tha observed Initrannual 
v*r abllliy of oaeanla condition, in the HortMoat 
raolfla were investigated using « variety of 
■ecaorologlcil and ooeanographlo data aata. (n 
eual nation or a long aerlaa of aauonal ■•an 
atouphirla ■» level preaiura (SLR) oharl* ahouad 

wlnler **ara«e SLR pattern In tha Norm 
eLghlf loantly from ollmetology. It tends 
w » this in ana or two oharaotarlatlo waya. in 
particular. In scot winters thara la an inraalauelv 
* tron * °i radiation whtoh dlfrera rroo ollmitologv 
mainly In having an inlenairied Mautlan low. In otner 
intara, thara (a an anomalously waax atacapharla 

lBlB l “ ,ln0Bl invariably ii*oolaiid wlm 
^J“* r0 dlaplaoB, ’ 4nl ° r Ita Aleutian tow and th# 
RTMuotion of a aiparate, but eucn weaxtr, low in the 
™ r of Almeki. The North Fflolflo wlnLer SLR appaars to 
Z’’ f 00 * relation to the Sow thorn Oaolllailon (SO) and 
r P,r i tUr " ln th * lro P‘* # - rn particular, El 
? ? 0,0,1 1,1 IOn '“30) apt sod e* art gan.r.lly 

' ^Tl« J ,tronB Nor,B SLR patltrns and 

ST**!- “ lntBr » Mil* »•« 3LP pattarn*. Howavar, 
Md R^dIotrtta ,P ’* ^ ,r “ b * 1 " 8 P#, ‘ fM,1 7 '■•8U18C 

'' ,rlBl,CIla l" Lh* Intanait, or in* North 
•Ririd itwipharlo aurrao* circulation uar* found to 
M atrcngly correlated with tha ancaulle. or oath aaa 
lutra.^” 11 ” (SST1 ,nd l0 ” 1 h*1gni (slh) at 
fltiura f 0 " 8 tn * Titian Coiuabla osaat. *„ jntena. 
umi- 1 " l8W 10 1 variably asacotatad with warm coastal 
llrll . ,n ? hl8fl 00fl,e * 1 ,Ba U,elB - BT comparing a 
01 SLP *"4 SST mapa. It wa* 

PMirra*»?S verify that tn* relation beewaan worth 
; ~ * na noaanlo aurfao* temperatura aotualty 
fat ia. . . S3T 0¥,r " U,JB ° r th# northeaal Pacific 

ioriK f r W “ t B0 WHI. The relaLtonahtp of 

r»lali™Sif l ° fc SLP “ Ith lh * 801 Logethcr uitn tha 
ceoail^^ 1 ? b,lu,Bn "‘-'■Ln Pacific SLP and oceinl# 

Ore ■! 8,0 In lh0 Nor theaat Pacific, can aoccunt for 
wmi «!« afl , i !! I1#raI Lendanoy tar 35T and SLH along tn* 
*rini t™*? r ?° rth t0 bB ancoaloualy hlgn 

““ •P |a »5ta- On Lhe other hand, the 
g mth ?Jj ViTfy Petal otable relation batwaen tha 
■tattiornoaot nation and North Paolflo SLP arpUtna the 
ir ^ fflS0 * v,nla are eaaooi.iad with 
leaa.ifkil LtaTwttaaat Paolflo. (BL Hlno, aaa aurface 
™R atura, lei lsiel pressure, talaocnnaullona). 

J ‘ *■»-. C, Paper (Cl 002 

Particles and Fields — 
Interplanetary Space 

uX*?»ta Farllolea 

jau ” QPY OfURACTEHIBTlCS OF OEOH A0H ST10 ALLY TRAPPED 

1B Pm8 4 8avl room amt Labor atopy, 
B.H1-4, Bo ^ d “ , 1 Colorado 192011. H. H, Spjeidvik 
fwad" Loa.h i°m f* 1,1 , 1 ? B * (protonB * heavlar Iona) ara 
tq., _ * , lb “ qolafc-tlma pltoh angle anleotroplea 
rt.ll tagnlfloantly and noit-nonotontoally with L- 
Data rtSl ,“ rw lB thB r> °» a® k*T to aararel H.9, 

* Pta#o raft ara repoptadi bplorer 45 
■ sa«P..Vv ta ,B Junm mad I88E-1 

Dae. ih.!! “Haiiied from Moveaber I9TT through 

4l*trihn,f ^ ®“ta aeta abov that tha radial 

11 j-- n 07 Pltoh angle anlaobrcpy aoatalaa one 

•hell. .“° ot BDBr & lBB «h tame nld-range L~ 

period •. i ^hm oollaotad over a flftaaa day 
ftelwnAV #Mll » M ^egloa of tha magnatoaphara 
Melori .r. , ood h"! Id the afternoon local time 
taflln u,.!*! 14 00 ““AmOhroPF profile for moat 
l,j Ancraaaad with lower L-ohelle balow L - 

around g ' l “. B,or 0,00 atlalded ■ local aazlmum 

dlitriv,.,, ~ *■ Md evolved to more laotroplo 
L-s.j, ,° nB _ 0,Br the bplorer 45 orbit apogee at 
hy URR-i 1077-71 PAtoh angla anlaotroplaa obi erred 
•pppoxlalf.r P0 . °hhminad over all looal tlaea from 
Thai, data"* “" 1J to Ul dutar limit of trappidg, 
Tltalnw nr 0 i ,n,r «l toad ad t# oonflra the 1972 
■Ath aom!. l BO “ _ “ OBot °mlo anisotropy distribution, bat 
ttna tatalfiOBtlODB. The later quiet 

■^•atronr j* 10 ® 1 mhovod a brogder regioo of low 
1*72 data * Bd - 1 5°* 01 hr L-«hall dapaodeaoa than tha 

■“twtroBv’ffc.i ,h °v#d aydtimatlo triads lo tha 
•hall hut -i . ** r " olearly dapacdaat net only on L- 

■iDiaue v.. .! 0,1 ■ a,,, «y- * miagle. major anliotropy 
looati-n _ at vArtnally ovary looal tioo, th* 

Uth - AhU alal.ua ocoorrad at lowar L-aballa 

tha tiroTn7«’ f !. Anoraaaing anergy. Cooparlaoo of 
7*tr« au,, 1 ,V. t f k M , d,tl maparatod by about ai* 
flB P*MieSi*nZ*.C h,t there may alec ba an anisotropy 
r»Wl tin. r . rt “' oC the eolar ayole, poialbl* 
ilfta-j, t „ rr0 " l0B dompoaltlon dlff*r*oo*i or from 
to* mtarectioo*. ■ 
hrUM, Sj^ ^Jgj MtFQFlii. madiam aaergy loon, 

Jl "taJhy*. Re*„ *. r mftr 44lwl . 

* J S]NN*I Ck 

^wIStBSoB pF S0L «- ' 

HA 01731 Force flaopttyslc* Laboratory, Btaford, 

The tali: „■ "■ Jh« , 

he la IgiM-iiS™ ;»<*1ittd shock can be considered to 
4* It arDnji,lL d rl , “ ,hGcfc; ttl4t tonvert* Into a wye 
*“ r *1ap| Pf?aH ^ h r w ' 9h the Interplanetary nedltia. Tn 
t,,, itaS II!? "taallBfl Co aitlMt* tha time or. 
***mt ttai thu L* 1 * ■WC” 1 ®'! pn»f tloo in tpaee wb 
htaitlea ir ‘"J* 81 * IhltUlly driven from the Mere 

r *4lo turit Telotlty indicated by the type II tolar 

*• *«» the shock Is driven u-Ull. the 


Inlttatlng wlar Mare energy Is soaexhjt e-pended. 

After this Ini Hal ly driven phase, ihe shock rroni then 
propagates with the characteristic speed eipectad of 

™n| ShaC !i.!! r ? nt ?! 8 b,dit “ d¥e ‘ ,n tlw •ntRfp'anetary 
mad tum with its 1/r- density dependence, the blast wav# 
snack, franc ipwd should De propartiondl lo r^*5 f u* 
find thit this r lpeej dependence Is • general 
Characteristic of the shod front speed «han tne speeds 
are determined in the solar wind reference frama. Tne 
blast wave "rides over" me pre-eulsilng solar wind so 
mat the disturbance speed of the shod Trent at any 
Instant of line is Lhe spaed of the shock taunt added 
vectorlally lo the solar wind speed. Application cl 
these principles enables a consistent "titling" of s,,ijr- 
flare- initiated shoe! waves that 1 1 evem Independent. 

Je show that mis concept Is consistent wlm me ting, 
position profile derived fr a n the analysis of kllcaeLrlc 
type II events that are associated with interplanetary 
shocks, (shock waves, blast wave, soldr-flare-lnlclaied- 
shccks, solar wind). 

J. Goophya. Ha.., ft. p af ., r 4*8105. 


5340 Shock Karoo 

DISTANT HELIOSPHERIC RESULTS ON INTER FLANFTAEF SHOO! 

fF"FACATI0!l 

J. D. mli* lev (Thacrsi leal Svudiia Branch, NASA-anon 
Ranaareh Coniar, narrate Field, California, 4C015) 
Solar wind plaaae data iron Ploaner* 10 and II, uid 
cho Plonotr Vonui Orblcor, lor 197R u uld-(48l, bavo 
bean ovaalnad (or forward ahockr slgnalur**, uid 
n»«oc lai Iona h*v« bain made with aalar liars*. Ih* 
nunbare of f lara-aaaoc iacod (hocks obwrvrd at lh* 
various hiliocwntrtc dlaunca* cf cho spacecraft 
(ranging (re# 0.7 ca 24 All} *ra deduced, and ih. shock 
atcanglhs and onorgls* are given. Sign 1 1 [conily tauar 
shoeka ouoclitsd with flara* are obaervid ac the 
graaiar disease#*, praiuoably hocauia nan caaaa hav# 
docreaied bolsw (ha ihro*bald (or Inclusion. Thro# 
ta*#e In which the awe ihock wa# probably Juice led by 
spacecraft *| dirtaraoc hsllaeonirlc dlaciacaa 
(adieu# dacalarac ion and uaaUnlng al th* gets La r 
distance*, (incarpi ana tiry shock wave a, tolar wind 
plana, dletaac bal latphtra), 

J. Ceophys . Hat., A, Paper 4*8063. 

5340 Bhockwsvil 

A STUDY OF TBE FORMATION, EVOLUTION AND DEEAV OF SHOCKS 
Hi TUB HELIOSPHERE BETWEEN 0.5 AHD 30.0 All 
Z. K. Saleh (Space Envirocnani Lata a rat ary, H0AA R/E/9E, 
Bauldar, Colorado, 80303), H. Dryar and B. 3, 
Stalnolfaoo 

The spatial and roup oral evolution of CUa <■ 
aaalned hitman 0.5 AU aad 30 All using a solar wind 
a Inula 11 on with ■ continuous sinusoidally- vary lug 
velocity, daoaity, and tesparaCur* Input pulaa train. 

Ha a how i (1) rha wall -known forma don of tarward- 
ravarae |BD abock antamhlUi followod by (2) thair 
Incersctlen that roaults in a highly nonlinear 
"pesaaura" viva that, avan really, rafonu late a new but 
more Irregular aet or tanioxd-roviraa ahock pair*. Aa a 
remit of ebaaa cewpound intaraetleoa, chi ovarall 
umpentura dtosya much Bora alowly than tks classical 
■ caady-acata adlsbstlc radial dapandancy ol R~ 

J. Oaophyo. Rio., A. P»P*r 4*111*. 

5340 Shock wavao 

IHOCK ACC BL BEAT 10 II OF DIFfUSE IGHS AT THI EAHTR'8 
BOIf SHOCKl ACCELRRATfOB BfFICIBNGY AND A/Z 
ZNBANCOIEin 

Doasld O, Ellison (Can tar tar Thaoreileal Ihyolca, 
Aatronsoy Progrow, Uslvorilty of Maryland, Colloga 
Ihrfc, XD 20742) 

Observation* of par licit aptatra, lotBaalcy, aad 
anhoncaaant of alpha psrtlola* over prows* SC 
diffuse las tvanli at Che qua* 1-para Hal oarth bow 
■hack ara woparod ho' a Konu Carlo alaulaclaa of 
dirruslva I hook oasslaratloa. lha alwulatloa 
Insludaa tka bask react I do of accaleratsd 
partlelea oo tbe ahook atroaxara, partlela aaaape 
at an upatraa free aaeap* boundary, md a low 
energy per one I bob threshold for Charms! leakage 
of do wo it rasa, ahock haatod partial** lata tha 
up* t rata regtoo. Tha aloulatloo tiiiaii tkat the 
■mi aest taring oparacor that glvta rlia u ahook 
aocaleratlon can also dttaclbe a wlagota shook 
governed by hjd rod yn sale tuzbalaiwa- This lopllai 
that accelerated (ana can ba draw directly fra 
che ctoreal aolar wind with no aiparato 
aupartharoal read pophUtlon. Coed agtaouat 
he twain tba ilaulatlon aad abaaxvaCloai soda 
during nearly radial oagaatle field CHflguratloai 
lead* ■ up port to chaioil lrekag* M doinitraaa, 
ihock has tad loos aa tha aoda of injeetloa tar 
diffusa ton stinta, (Ebook aecoloratlon, partlela 
lujsotfea) 

J. Csophya. Rea., A, 4A8095,' ,- 

9310 Golbr id ad Ibtaraotloni with moon and plana La 
SKMBI HfO HAlrtEHilKS OF LASB KM* HABHgnc PTaUS ; 

Ol WE DAIS PC VBNGS HKBrtBM. 

a. L. Phillips (Znatl bats of Goopbyatop and Planawiy 

Phyalua, Dnlvartlty of California, Uw AngalM, , 

Calif omit, 90024) , J. «. Whom# nnd C.T. taq'oll 
(fcailrwaUona ffta Ula PJosair Vanum Oxbltar 
■Atnatoutac twvool lara. o«M. “* 

dayaltfp' ipaomphore (taring or after 

aolap wind dynatad praaiuro., Vkrtaga yotherat hav. 

been pimpo*6 atacamlnq tha apgtlal and t****"' 1 
•Volution of thosA magnaUe atruotarwa. Hare “• 

a diffoa(on/cncr#oU*p ptooaaa reBugAaa by 
drived by eleotrio fields ra sal ting fra tha aolar wind 
Interaction. Dyterto P ree«ra wlatlona Dc«ir f’ 
various kin. Soalea at Vague P ro<,uob, « Lt«iri#nt and 


. , “9 nB “*«lon fast urea. A cno-dlmonnlonal 

dirfuatan/coDvoctlon calculation la poitanred, ■tali,., 

tlT|cal (I.U end krasiuro value* for # varLaty #e 
If lltltudoi. Th# lonofau* Ls cuntLdurad to ba th# 

» alcltuda at which ioi»i[h#rlo tha mil praature 1. oral 
to u>» naqnctoahsjlh maqretlc prsaaura, which In turn 
la wall conalatcd with tba lurnial exponent of aolar 
S Wind dyrstlr proaaurr. A aubtolar tv-1.1 .fa^ward 
plaana velocity in th# 1*0-290 kr range It uaod. Tito 
■ralculatad growth of tht Ibnoiyhorlc naqnstlc Mold, 
and tba resulting quit I -itsady altltuia rroflloa, 
ronparo favorably with til# otiarved prorilet. TTw 
naler I tv of tha ebaarvad Hugest l C stnicturua ara boat 
r- wxilatnod aa tha quaii-atoady #ftaula of the solar -ir.d 
dynanlc prettun. which dslenilne# tba altltwl# and 
tiagnotlc field it length of the lonopaum. IVanua, 

It nagnetlc fields. Ionosphere). 

70- J. Geaphyi. Baa., A. Paper 4A1I 24. 

5370 Solar wind magnet la fields 

LARGE-SCALE nTUPURCTAII MAGNETIC FIELDS: VOYAGER 1 

AND Z OBSERViTIum BETWEEN I AU AHD g.5 AU 

tavata. IM3A/G3FC. L.b. for Eitr.l.rre.Lr 1.1 

u™ i . , u J! 1 ' “ MT71 > L - “• Alain. B. p. 

“PPing. T. V. Bfthftnn?* 

Th. string in b •>! m- ,r.- -, t ,. u lltld 

ohaarvM by the Voyager spacacnrt neiwran I AU and , 
9.5 AU wa* found to dearout with dlBlanoa R tror tn# 
aun .. b . *.75 M ♦ rV' 2 /H 2 , i„ M rsn.nt with tn. 

??![** . fI,ld “ta* 1 - . tat ween Auguat, 1977 and July, 
'979. whin aolar aotlslty was lnoraaalng. oorotstlng 
Tlows were ubeervad at in atarago rata or it loan 1 
etary » dayv, but the riowa war* evolving with tin* ind 
r “ Hr,, ta from one aolar rotation to Lha n.tt 
■nchout ohinga. K*ny IranaUnt Dona uiri tl0o obnirvaJ 
in thla period. Urga-aail* nuotuatloni ln B with 
U, 1 * ,v ? r «* ,ptrBl flBld w«re otlarvod la 
ixaoslatlon with interplanetary ihonk* and corotlllng 
etraao inurfaon, and than fliiatuitlani varied with 
tloe in asHCletlon with ohsngaa of tha now*. The 
nplltude or the niratuauani in B relative to th# bisk 
riBld WIB large, Thar# waa a tendency tar it to ln- 
oriaas with dlalano# to 5 AU, but the temporal varia- 
tion, war. oat parable to Or larger thm th. radial 
variations. At largo dlataneea. B mad tha plnaii 
dually inaraisM togathir. oonalstont with th# idea 
thit th* structure of tko outer hollo>ph#ro may b* 
dalormlnid by atreaa InLariotlonn. Hi* width or Imter- 
aotlon regime liwreaiad with R owing to •ipanalen. and 
olooaly ipaeod Inlaraatloa region* often oca talced. A 
k-iantor patln-n waa obaervid froai d*y 287, 1977. tn 
approiimitily day 173. 1978. follewid hy a 2-aeotor 
pittoro which lasted to al taut day 171, 1979, la the 
Interval with 4 a an tori, thara Kara usually several 
n all- mplltuds paika in B togithar with easy transient 
atreina and ■ hooka on oieh solar rotation, whereat in 
tha Interval wltb 2 aaoteri there ware I or 2 muloa In 
B togathir with Intarfaoii and shook pairs on aaeh solar 
rotetloo. Thus, tha relatively abrupt change in amotar 
pattara waa toooopaalad by a change ln the pattern or 
fluotuatlooi In B and n change in the nature or Uia 
domlnut flout. (Ktgoatlo Maids, shook*) . 

J. Goophya. Baa., .A, Paper 4AI142. 

3379 Magna tic toll 

BROADBAND ELECTROSTATIC E0I5E IN THE KAGNETOIAILi IIS 
RELATION TO TEE PLASMA SHEET DYNAMICS 
A. Ml* hi da (Institute of Spies aad Attroniat Irel 
Selene*. Kouba, Higuro, Tokyo 153, Jiptn), T. Kadi, 

E. A. Ac da re on, R. g, Aadaraon, 3. J. last and g. v. 
Sanaa, Jt. 

taconae broadfaaad alactrcatatle nclaa la ortan 
oblirvad lo the Miuacatall vfaan cho fut tailward flow 
and the aouebward polaxlxy of rha nagnatlo f laid 
Indicate tba piogroai of racoonaccloa. Ho compare 
faaturoa of Iba nolaa with nlnultanaoui obiirvat tons of 
tba oagaatle field, plasma and energatlc nlactrona. Tba 
BOlaa Intanalty aaama to mulolio wkao tba plaaaa 
danalxy nlnlmlzaa and tha tnaxgatlc alactien flux rlata 
In a aplka-llk* faaMon, appreciably leiat than the 
meet nf the talc tailward flow aesoclated with tha 
southward aiguille polarity. Spectral charaotartatico 
of cho aoloa aiigtaat that lo ito high frafutacy (f > f~) 
part at ltatc tha nolaa dee* not balong to aormal media 
Of plums wavia. Several poulbllltlaa ara catuldwrtd 
for what (hi* noli* might ba, Includlpgi quasl-thlraal 
oolao In tba ua-Maawellleo plain*, eceiflrlal palaa 
gaaaratad by apacaorart lataraotion with lha medlwo, ax 
alactraatatlc nolaa with wawolaagtha lau then a Dtbya . 
Itngtb. (Elate ra* title nolaa, magaatotall, riDoantBtlou) 

J. Geaphya. Ret., A. Paper 4A1U80. 

5194 Oanaral Uheck Acealeretlan) 

SHOa Dim ACCILERATIHI IH THE PIE9ZNCB OP WAVES 
R. I. Dicker (Applied Pkyalaa La Lor alary, John* 
Hepklai Dal ra rally, Laurel, Harylaod 30707), L. Vlafaaa 
Charged partlela accataralloa via lha abock-drlft 
aack tall# it quiii-perpiDdlcwker ■ bocks baa gam* rally 
bean anatyaid by aumlng sol (or#, tlu-Itdapaadanx 
omfltlsu al and naar th* aback. V# preaack riaulta 
fra a o#d# I daaignad to study Ini thi ahack-dtlfk 
■echinlao It apdlflad tin vava activity ta Included 
Id lb* akaek’R upeiraen aid dariutretn vlcloltlaa. 

The taobolqua Involve) naSrleally fol losing teat * 
particle trajaaiorlu ln i)|a Hva-abock tytlia tar . 
pre-daflutd van Melds. I# order Lo empara litas 
raaulla with (beat oOtalnad ta th* jtatt*I-ri** (I. a., 
Boa-wava) Cue, w# re* trie ted particles lo a if agio 
ebock ant Bestir, which I* hut derinad aa, Ua parted 
during which the partlel# lenslu villain n 
gyrudlsnatar #f the ihonk. As ■ partlcolsr 'axanplt, 

■a Iqjacud toatablu af lag lata a ayttta eeaelitlng 
al o qnae I -pecptadlaular ebock marlag, through th# 
lnt*rpliD*tary epealnia of ambient A liven wsvaa. A# - 
oiaparod silk A eiugU t com# tad I# tba acatlsx-ftas 
Halt, th* lactation of vans! (a) iaeruata partlela 


Volume 7, Urban Stormwater Hydrol- 
ogy (1982), D. F. Klbler (ed.). Illustra- 
tions, softbound, 271 pp. $18 

Volume 8. The Scientist and Engineer 
in Court (1983), M. D. Bradley. Illus- 
trations, softbound, 111 pp. $14 

Volume 9. Groundwater Hydraulics 
(1984), J. S. Rosensheln and Q. D. 
Bennett (eds.). Illustrations, softbound, 
416 pp. $18 
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Orders under $50 must be prepaid 
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tranaml talon through tbs ihacVi (bl produces broader 
energy dlitvlbai tlent for reflected ard tronenfitad 
par! It In, with high eaioagy tails at enargloa sovaral 
ilnae ih* lualaun >n#rg v ofatelncd In iha acettor-fraa 
cats I te> ra.luca* anl tat rapl aa, particularly #r 
redacted parrlelat, tut doaa not allnlnsta than, 
slao, for iha rang* of particle onarglrt aruJIed. It 
»aa found iha l >hr appro*! .ra to ln«arlanca of iha 
nagnaLlc nunant for p.iitlcla mtaracalona with guaal- 
petpend I cu la r abaci a It os lengar toll* whtn wavai ara 
praiani. Ilntarplantrarr ahnek accalarstlonk 

J. r.cophye. Pci., A. R.ip.ir -All 1 1 . 

Particles and Fields — 
Ionosphere 

5505 Alrgluw 

InfEIUITI Yap IAI ION3 if uF/jGC-RijrML R1L4ER »-PH* -gi^liui 
i. oBSEavgrravAL result; f. - n ir». t. i. ' 

t. icherb Dapvrtaiei.t -al Pnvxlce, Ur. I vsr 1 1 r , of 
UlK*r.«lr..N!<ilg»>.. W|s:o,.el„ 137.J6 
Groijr.d-paeeJ abeorwatlone af gaoicordnl Nl-ivr , ih.) 

■'UV. - C-f.--.t a.-.- jr... 

Fivi/.f-i;-. a;.>.,.r^-i«t«r at 1 cv]..l«i,.g 

"Fim. clear ly istlatni tr.- geororar.oi a-.ias, ». 
frj; ga incut ar.d ryqlacal lignt tic.grov.is. p,rlre t |..i. 
cBiervlng right, cbiortficlcrj w, r « criduteed vlivrr.nny ' 
belwe«* 1WJ Jlr«KUoi.e. »-.* at A)* i„.|qn lis-.ar.-e u tte 
Six. 9 sxlnutn aid tno «h*r tr. tne ai.ui-.lor llrortlji. u 
eenpara tne avLaaior. crl-inl, f r «-. j(r d l.. t:acc#riie jf 
351,7 !■»"«• ? with thav priiarliy fr.-* iltlpi# 
acettor ing . ar.a t# •caiuite iha lr.iei.my *0x191131.9 jrer 
various tl» »rol#9. Xtcvret, uteMitu cal Ibraxlcr. an 
•sttalrol by otiorvlng aelrnrcnlfal pholisgtria *■. ii,4#rj 
i^jraoa or. each r.lght of cblsrvetl jn. Tr.o -.an, Ing 
er.her.cocent af iha obeorved H, li.itriiiTioa ir. bain 
dlreetlor.) Is !«. Atsuali.| 9 Ir.g 1 r tcatcerU.g fcnlr.it-g, 
th* otaorvtd lnt.tr. a It/ rarntUr ku> Jlfflcull i> 
resoriillo wim me gEar.dsrd dlurr-sl varlaUor. n-sdel which 
laplies an ir.ereoa# bl old latitudes of aBc-j-. jog i r . tr ,, 
oasboae hydrogen density Bet wear, tne ovoi.lr.g pvrlol er.l 
the past rildnght period. It. coritreit ta tn# atar.dvrd 
diurnal variation rudrl , iea* eatal lit* caajia- er-r.to 
iMiesto a naming hydrogen trough tn nertnerr. old 
latitudes, a mult #onil9t«ni with the proeer.L 
oea Bis- star. to. Detailed redlatlv# transfer oolculatlcr.i 
enl iud»l riflnninii sre rrqulrod lo clarify tqa 
aUuitlor.. CoaparlioM of Ho Intor.sltloe obiemd on 
different nights with iha sna scotterlrg gacietry reveal 
a clear Inverse ralstlonahlp between the geoeorannt Ha 
nleetor. rate and th# exnnpngrio eoaporetive bittd on the 
JOcahla ’977 reodel ■ Prollclnary ealeoLstlon ihuwa this Ha 
Intensity verletlor. agrees ulth th# result! of saver al 
3it#lll to uparla#nte wT.iah r#wd that tha variation or 
IB# ex obese hydrogen identity wltn to per star# ]e l#9j 
rapid tbao that pradtetod by oonaidaratlon of Joans assapa 
aa tno only hydrogtn oaeap# oeertenlsa. 

J. Coophyt. la*.. A, Fa par 4U092. 

I5IU 

HtO, if T ! 1U0£ ,BBICES Or nECTRIC AND ftfcvric 

VAK [ABILITY DIKING THE OUH-G lNURYAlS 

**• M * kr ° Bh! |R0AA lietlooel Geoph/i let) Dlla Center, 

iZo Broaibiay, Boulder, Colarado, 80303) end V. Ramlds 

dire#ii h . 6 t ' nt,f " ,| 1 « *«-irea u» global 

dlxtrlbwllon above the north polar region of lono- 

m # i!r, C . 5“L ,a .* lS w rielS-ilisnra currents, electric 
Jo- 1* heat Iron ntgnetic .artatlont recorded 
u 107 icationi and ra deled values of ionotphertc con- 
ducience tiling the »RH ntlMd. In 81411 Ion, #e eon- 
puled uverel italir Indlcei to tunnarige changes tn 
the nzgnettc and electric field, at high letit-jitet. 
Correlation caofrictents lie between 0.43 end <1.48 
depending <* iht comb tret Ion of indices and the chgret- 
terlit lei of th* InCmrvsl- Fron the crOM-carreldUcm 
bf tween lh» loci I auroral glectrnjmt currents and m* 

™ Indie** of elecLrojet current dentlty, «g 

fine that the latftudLntl width of th* weuwsrd 
sltaiUawowgly with an 
jncreism (decroaM) in current density. Howover. re* 
lower corral ail on batmen w and ttw total ptiinaro 
current dgranitrgtes (hy ImrUnce of ckingas nf lati- 
tudinal width to ihg total current. The relatively 
poor correlation batmen All and 2)L Muh lights the dlf- 

ah!!.*? e 1!w, **• *•« Indictt and rstso* doubts 

About tho meaning or. tha AE Indsx. be rot its that 
both electric potential end conductivity changes 
influanca tha sIscLroJeli. Uhsn th* elottrlc potontlsJ 
difisranca across the polar region it largs relative lo- 
a given Intsnsliy of thf total current, a uMisaetldn 
current sjstsn charectarlzss the polar region. . Nhen 
toLh era of the san> re Ism vs avnlituds. s tubs ton* 
Pi-dMil* “1th iho rexlrer oloctrlc 
poiMtiAl difference focuiod aeras. aimni 


pniMtial off (srence focuiod dCrass Surer. 1 latitudes. 
(Auroral , elactrojets, laneipherlc currents, naanetlc 
Ihdlies, electric indices), M 

J. Goophya . Ore., A, Fapar 481089. 

3119 sarors* 

AccansTiM or uiuin lots nu good re above ju 

A FACIA 

II. C. 9 teabaek-Nlalsao, (Giepkyaleal lnetltuta, j 

pntatuliy «f Alaska, Falibanke* A la aka 99701) T.-J. 
■alLlaim, R. K. Waite it, It, reappt 
A barlwq steps d-eha rg*. nswsd Llworlcfc, md tolosg.d 
• “<*•) Uuoshad fru Mir flat luasnk taut, 
Alask., OO Htrtk 30, 1983, It 10)33 UT. Tk* roloS.s 
loafe pIOHB i. A oosll avrsral broskup, Tba 1st of 
laagied bailiu tuckai so altltuds of 8100 km 14. $ 
•loot.* after nloaio,. Indicating that th.ro Hr* o» 
perellol ota.trlo fiold. bdlow thla oUtted*. At 81U 
ko tks Joe applied to elep. Aosly.ls ih»i thi l tkl 
■"*“ Bt “I. oltltud. eu affect tv# ly tamrad fm , 

tte tip. Ba ckneludo tlwt ft. barlow wa. ..nallT , 

tea.tar.U4 apsard. rani 1 tag u a l.rg« daedal y a l« 
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(1n Llne-ef-algbt Jane Lty and haetn the flptluL 
Intensity, rti (atallil electric potential In ihs 
•eeilaritlm ration mu bava ban greater than - I kv 
one an al El tula Ln (level tl Ion Elion -200 ko, Tho 
aeealaiatton ration, although presumably anraral In 
orliln, 411 not aaan to bs tolaul to Individual 

auroral, sttae lures, but appuxred bo be a lat|t-acalo 
horLaontal atruotura. Tha farfinlleulat alaclrlo (laid 
baton, aa laducad (too tha drill oC tha bat Lao, uaa 
lanpnrallr and apatlal lj vary uniform and aheusd no 
raclatlon rail tad to Individual auroral atTiirluraa 
passing throsth. (Aurora, aloe trio (lolda, tarluo 
ralaaaa). 

J. Geophya. lea., A, Paper AAI032. 

5533 Interaaticne Mtnoon aovaa and particles 
IODUUTIOHAL UfflTADII.ITY AWT- EOLITOU FQfiMATIOI I*!RIIH 

rosoeuinuc uunwa 

0. L. Payne (Dept, at ftvyolaa anl Aatror.csy, [hi varsity 
or Ton, Ion City, loan 32242), D. R. HlchoUoi, R. II. 
Donnie, and I. P. tJrnerln 

Tha mat [oLefiao electric ItalJa during Icncepberla 
hasting oaour a (nation of o Uloeatnr balm Hie olaa- 
oloal rarinollon paint. At Ihls lace L Lon, tbs r on linear 
evolution or imjnulr vavsa la a tod l ad within the ocm- 
Leat of tha nod If lad Zakharov aqutlona. It la found 
that tho aalalatlonaL instability lose! Haling tao- 
strean LnatnMlUy} Is nora UportanL than the Uirea- 
ran peranetria decay Instability, landing to tha rapid 
tarnation of aelltana. filodula Lionel Instability, 
aolltao raruUoij lonoepherla ratling). 

3. Gcopti/a. Bus. 1 A, Paper 4*8177, 


Slid Inooiphorlr Disturbance* 

THE POI.E OF PIUTE PARALLEL LEGOTII OH THE STABILITY OF 

barium cloudy 

I. L. Sparling (JAKOB, Son Diego. rnllfurnla 42I1B). J.F. 
Drake, 5.T. Zalotak, and J.D. Iliibi 

A e tuple nodal 1 1 mod to ehou that the Helm parallel 
length of Ionospheric plaem cloud* ran ilhei tha growth 
rata ot atrlailon inetaMlltlea (s.r.. nradlcnt drift). 
The finite parallel length of plana* cloud* tonda to 
favor tho gtwuti of nLrlatloni with short perpendicular 
wavelength., 

J. Gcoph/e. Bra., A. I'opcr 4AB22U. 

IMS Ionospheric disturbance! 

EAR Ill's KAUETIC FIELD FESH1BATIWIS AS THE FtH&IBLE 
IflVIROKMUJTAL IK? ACT OF THE d'«IPT17U.lZHD SOUR POWER 
UID.LI1P. {IPS) 

K. C. Lea (Bagla Collage Voinotch Center. Vaalon, KA 
021911 ■ R> P. Kim 

It In predicted tha L the earth's ragutlc I It Id can ba 
■ignlf leant ly pur turbo J locally by tha mierovsv* bona 
iranunli tod (run ilia roaceptwsllrrj aoLnr power aacall- 
Ito OPS) nt e frequency of 2.1) die with Incident pow- 
er Juneltv of 1)0 V/n 1 at tha eonlor of tho beta. Tha 
alaultanauua euliatlun of certh'a nagowclc (laid fluc- 
tuations and Inpospharlc density Irregularities is coin- 
ed bv the thornal I lleneolatlon Instability n( elcrr>- 
wavaa with scale long the iroator then e [no hundred 

Betore. Enrth'u rvigiw 1 1 1 field per Lur bn Lions with cup.- 
nliudoB l-a lav tan* uf gwsue) corporoblc 10 thmso In 
nagnorovpherlc eubeturae ran be ocpacced. Particle 
praclpliat Ion end alrglou enhancreent are tho pcselbla, 
cnncuBltaiit ionospheric el (acta noeuclarod with the 
nlcrowovn- Induced ((eaipidlt (told t iuctanttone . Dur 

preeunL work aide Berth's rvgtnetlc field pcriurbstlons 
at sn odd It lone 1 udocl to Ihrnt such no laiuipterU 
density IrrsQuIerlt l«s, p I nicu I1e.1t Inn. etc. Diet should 
be etniud as |hu powalblu cnvlranrontul irpeelo of 
tla ccncrpluiUiud eolnr psiicr H.itellltL- prugran. 1 Sol- 
ar power x.itolllre. rhoiiul lilr- nc.ttlan Instability, 
luiK'uphsr lc dansttv IrrreuL'ritlri). 

<■ CcophyN. Rut.. A, Pup ur AAtllk. 

S9*5 lOMnpherle disturbances (pi I See bubble!) 
UMOITUDIHAL rilUBlLlTT OP AHUM. CHMHES IK ACTITITT 
07 EQUATORIAL 3PIE1D F AND FLUHA BUBBLES 
t. Koruyeoi and R. Katuure (Radio Rise or oh Litorstorise, 
Hlnletry of Fonts and TsWiocnun lent Lone, BukuL-Klta 
t-2-1, Eogansl, Tokyo I8R , Japan) 

OlQbal distribution nnpa of equatorial apTNd F (B3F) 
activity (or yarleue nanual periods wore darlvad rrca 
tha topatdn sound Inga by tho lonoephare Sounding 
Satellite -b (ISS-b) in BSTB- T9fl0. The EdF aoelvILy 
during the northern winter period reveals nazinus 
anhancaaent at the Atlantia i«uttudno of large westward 
pcBBgoatlo lie el Inal Ion, and during tba northern euaaer 
at tha Fan If la longitudes of large eastward 

declination. On aavarol orbits passing ovbr the region 
ef the ESP aollvlty anbafiaanoot , abrupt depletions of 
tha eleotrin danslty or oqutorlal pleaa bubbles wore 
observed at tba satellite altitude of about IIDOka. It 
has oleo been road that tha background electron danslty 
distribution tend to ha symtrLo with raipaot to tho 
a agnatic equator la tho regies of tha ache sued ERF 
aollvlty and a^eoalrlo Id the region or the aupprannod 

ESP nativity. Thai* observe ticca era taker icoounl for 

by tha lnfluaaca of a traniaqaatorlai theruonpiierLc wind 
upon tha auppraaaion of the lay lei gh- Taylor type plana 
Instability. (Equatorial aprled f, plama bsbblaa) . 

J. Gcophya. Bee., A, Paper 4A11A). 

ISO Flues notion, sonvectloo, or circulation 
A MODEL FOR THE FFOFASAT1CH OF THE WESTVMn TIAVELIK3 
EUBGE Pul L. Rcthwall I Air Fores aaephynlcs Laboratory, 
Uar.eeoe AFP, Bedford, HA.aiTlI) HlehanL a. (lie witch 
end Lore F. Block 

A unified bd del le developed for tha propagation of 
the wnatwnrd Traveling Surge (WEI which can ■■plain 
the dlvamley in the observed surge char actor I at Icn. 

M stare with tho Inline Eox-Eeun Johann nodal (or tha 
■urge rnqloo which Isplloltly InoLodea both tba Hall 
sod Fednxaan currents ■ It In found that praeipitatLng 
alaetvona at tho eosdueblvlty gradient nodicy the 
gradient, ceuatug It to pTopagste aa a wave front. The 
nloclty of propagebloa la dlroctly depandeet on the 
laalanlon etdclonoy of the praadplceblnq eleatrona 


and. charafuce, tnareaeae drenatlcelly whin they bncoiia 
B>rn onargeclc -firing sutotora oneete. ror eoaspla, 
wo pradiot thei Min die Incident electron energy 
Chany,! (roe 1 uv to 10 kaV the aurgo veloaley should 
increase [r tj I \a/a to 14 hnCe. Tno direct Ion of tho 
eurgo notion bi[en-tn on tho preienco of polar 1 rati an 
charges on the poleward eurgo boundary. This Is rnl*bed 
to tha off loleeay with whldi Ua poltward tonespnorlu 
oui rsnto are olassd ofr into ebo negnetaipbsrs by thn 
f Lald-allgnuJ currants. Indue Lon of tha slaotron-loa 
■acmbLnetlcn rata oodlflos the lurga propagation 
velocity and leads to explicit sapreselons for tho 
.looluct Iv I ty profile. Sufflelont precipitation current 
Is rejulred to enioxu slootren-lon roeeohlnitlon in 
n[Ar for the surge to oiponl. Hhon tha precipitating 
currant Is leas then thl* thrashdd the WB rstrosto. 
Tberaforn, tns mdet dsaorlbss the ionospheric response 
to both the erponalnn end rocovory phases of tbs nag- 
rotlc subs torn. (Aurora, Ionospheric current!, oleo- 
tron praal pita Lion I. 

1. Goophyi. In., A, Paper 4A(<Bb(. 

1110 Heva PrepagetloD , 

IHIERFRETATIOH A» H0DELI1TO OF QMS [PERIODIC BIFFRACTIdS 
PATTEWa 0B8EBVED IB EQUATORIAL VHT SC IBT ILLATION DOB 
TO PLASMA IU11 LBS 

3. J. Frenko (Departnent of Eleetrleal and Cmputer 
Engloetrloi, Ifafveralty of Ulliioin, Drbau, Illlnoln 
41401), C. H. Liu and J. P. McClure 
Quenlparlodio diffraction pal tarn* have been observed 
In VHP scintillation recorded at Aatension Island la 
1911. Tho pilterne occur nost often nt tha heglnnlOB 
cr end of a icinclllaclaa patch and are shown to be 
cona Latent with thoao expected (too Irragularltloe 
having oe(t -Viet acaln nlaae of a fan buodrtd nectrs 
that ara a ease to ted with tba wella (edgae) of aquetorfal 
plena bubbles . By adjust iog the geophysical psranstere 
In a ccwputer slnulatfon of the aaplltudo fluctuations 
napected ilnultannsualy ot VSP, L-Baod and C-land wn 
nodal a epee lilt event In detail. The nodal contain! 
InFornaC Ion on tho alio and atrangth of the atruetutas 
Chet cause aha vagulnr fading patterns, fa addition, 
nultl-fraquancy diffraction pattaroa ara conputed far 
a "phene acrnio" nodal bmad on high raaolotloo oenture- 
coiica of n a true lured plaena bubble well aide unlng the 
AE-K aa tall its. Tho raralta ara qualltatlvnly vary aln- 
llar to tha observation a . Finally, Inpllcatlenn of tbe 
nodal rosulti for tho nxtractloa of Infoniticn about 
tha vortical atruetura of the Irregular Ulna are dla- 
cuiaad. (Equatorial aclntlllotloo) 

I. Ccophya. Res. . A. Fapur 4**125. 

HW (Plena Inetahllltleet 

IIH1F1PP IRPnaT or THE FOOT! WFCTRUH AP IHTFlUiEOlATI! 
UAVFIKHGTII 1WMFHRRIC PLFCTMW DEH1ITV FLUm/ATIWR 
R.H. Sudan (Tabari tor y of Plane BlodUa, Cornell 

□nlverelty, llhsce, K.Y. 14*411 eod K.J. Inllnan 
Ae cvtrnelos or the Kaleagorov theory of fluid 
turbulence la used to develop e anl fled traenont of tho 
power epecirus of Inmaedlate wnveleogth electron donalty 
I lectnat Iona In thn equatorial end high latitude 
Icnnaphnre. Fevorahln ccoparleon la aids between theory 
and anperlOBBtal obeervntlooa, 

I. Ceophya- *ee.. A. Paper 4A9I0S. 


Particles and Fields — 
Magnetosphere 

5720 Inter isttona between solar wind and 

Bstneioiphare 

SOUR WIND CObllOL OF HA'JtLIOSPMEB IC PRESSURE 
(CDAH-4) 

D. H. Fair mid ( Labor ntgry for Ei tr o Lor relt rial 
Pnyaloa. HASAraoddord Spine Flight Canter, 
Oraanbelt. Maryland, 2077 U 

The C DAW-6 data base la used to ecopare aoler 
wind and eugeelalfharld prellurea. Tha Haring 
anile or tho tell negnatopauio Is deternlned by 
aeauaLng that the cenponenL of solar wind pres- 
sure no mat le the tall boundary (a equal to tho 
total preaiurs within the tall. Results tndl- 
cat* an iDoraiao In the tell Hiring angle Oon 
18“ to U prior to tho 1055 aubstora oneet and 
a daeroaaa to 25° after tno onset. This bshi- 
vlor support a tbe cenoept of tell energy stc-rege 
before the aubstora end subsequent release after 
the onset. (Ha gee to sphere pressure, tall 
flaring, solar wind pressure). 

i . Ceopbya- Bee., A, Foper 4 A 1087. 


5/36 Magnetic Till 

EVOLUTION OF THE EARTH'S DISTANT HAfiNETOTAIL: 

1 SEE-3 ElECTROK PLASH* RESULTS 

R. 0. ZmIcV. 1 (lot A I gnat National Laboratory, Lot 
AT toot, Ml BIS4S), D. N. Blttr, S. J. Bane, U. C. 
Foldnan, J. I. Boiling, E. V. Hones, Jr., D. J. 
KcComas, 8. T. Tsumtenl and J. A. Slavln 

El get ran plarna niedaureoentt aide by I SEE 3 (ran 
October IS, 1982 through April 19, 1903 ware 

esaminad for signatures Identifying the spatial 
evolution of tha lobs and plasaa ihaet of ma 
earth's nagnatoLall ant to distances of -225 R . 
The lobe density distribution shows two peiti rear 
tartn (<5Q f |, a narrow peat at ~ 10 -< cn -4 repra- 
iMjlng-quier lobe and a second broader past above 
10" en J reprasintlng boundary layer phenonana. At 
larger alliances tha lower density peak dliaopeacs 
and the resalnlng den ally peak (at -10 cm) 
becomes broader and contains a high danslty tall 
which e« tanas well above 1 u°. The Increase in 
lobe density at large distances Is believed to ba 
due to plaana which crosses tha magnetopause on open 
field lines along III flints and drifts Inward 
toward tho plasEi sheet. Ue plasaa sheet danslty 
distribution shows only a slight dec real* In density 
at larger radial distances. The taoparaiure or the 
plasma sheet and lobs electron plasma decreases with 


Water Resources Research 

Voluma 20 Number s September ISM 


Slum-Term. Single. Mulllple-Purpoie Reservoir Operation: Importance at Lou Function, end Forecast 
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Tho Effect of Toriuosiiy on Fluid Flow Through a Single Fracluro IPaper 4W0827j 

T. ir. Twig 

Flow Toward Storage Tunnel. Dresalh a Water Table. 2. Three- Dlnieiiilonal Flow IPaper 4W0177) 

A. Tdl and G, Vagan 

Scales Tor Double-DilTiisIve Fingering in Porous Media (Pnper4\V08l7» 

ThrWo rr OretR 

From Excess loBIuailon 10 Aquifer Recharge: A Derivation Based on ihe Theory of Flow of Wafer in Unxaiuraled 

Soli. |Poper4W059B) /hdmJ.MMymx 

Aa Analyils of fee InHuenca of Fracluro Geometry on Mass Tianspori id Fractured Media (Paper 4W055I) 

LeiUe Smith and Franklin IF. Sffawft 

Dbperiion of Trace Soiufei In Flooring Groundwafec (Paper 4W0818) . „ . 

T. A. Hanoi, and E. N Llghtjbo f 

A Geoaiailiiical Approach 10 Solute Trsnipon in Heterogeneous Fields and Iia Application! 10 Salinity 
Management (Paper 4 W07 1*1 

Datli Bum 

LloeariMllon Techniques and Surface Operators Id the Theory of Unconflned Aquifer. (Paper 4WQ815) 

Ciui nor Bodvaraon 

A Borehole Methodology Tor Hydrogeochemlcal InveillgalioM In Fraclured Rock (Paper 4W0729I 

D. J. Botlomley. J. D. Rom. and B. IT. Graham 

A Model for Flo* in Meandering Sire ants iPaper 4W04b0) 

J. Dungan Smith and 5. R. McLean 

Commentaries 

Comment «t “Erosion. RedepoiJiion. and Delivery of Sedlmeni 10 Mldwesiem Stream." by D. C Wilkin 

and S.J. Hebei ( Paper 4W0M6i 
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Written In a clear style, this work reviews, selects, and demonstrates 
the best and most pmciUral mathenuulcal nuxlels to predict the extent 
ofgroundwatersubsiirfitcts cnntnnilmnlon. priimiiy emphasis Is given 
to the use of simple formulas and comprehensive tables, resulting in a 
readily usable guide In the field. 
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Reply (Paper 4WQB47) 


£ IF. Trimble and J.C. Knox 
D.C. Wilkin and 5- J. Hebei 


Comment on Tofliamlnani Tranipon In Fraclured Porou* Media: Analyiteal Solullom for a Syuem or Paiallel 

Fraciuiei" fa, E A. Sudfcky O. Frind (Paper 4W0717, fl 8 . Darliand C . D. Johuton 

Reply (Paper 4W07I9) E. A. Surffc-fcy and E.O. Frind 

Corrections 

Correcilon io"A Culler Model for Flood Anslyiii" by J. E. Cervamea, M. L. Kevvai, and J. W. Delleur 


Increasing dlsunca. with the plasma sheet tempera. 

Cura decreasing at a faster rale. The bulk flow 
velocity or the pla*a>i ihaet and lebe plasma 
Increases dramatically at larger radial distance., 

Tha electron Bulk velocity observed In the plasm* 
sheet beyond 1B0 R often exceeds the normal solar 
wind velocity range (300-700 km/sec). Tho most 
striking result of this study Is the observed 
evolution of the electron bulk velocity flow angle 
rron a blomdal distribution near earth to a single 
till ward directed peal beyond ISO R . The decreas- 
ing amount of earthward flow Slth Increasing 
distance directly implies that tha location of the 
distant neutral line Is usually within 120 R of 
earth, and rarely beyond 180 R , Iheia observations 
alio Imply Lhal tho location Of the neutral line I. 
variable and dependent upon local Interplanetary and 
geomagnetic conditions. 

J. Gao-diye. Pos., .1, Paper 4*0044. 

5770 Short-par I od variations ol oagnetlc (laid 
POI.AP IZATIuK OF CEOMAi'.RETir SlipbEK COflNEVCE- 
fftoTS OBStllED BY uEOSramiLAPY SATELLITES 

H. Nagnno (Departannl ol Phyalcn, Clfu college 
of Denctacry, Gifu 501-02, Japan) nod T. Arakl 

Unlng nagnntlc data from COES 2 and 3 
geoncatlcnory aecellltaa for tho Interval fron 
August I97A id August 1980, local tlno depen- 
dence of polar last Ion of georaagnac lc auddon 
conoanceannts (SC'al waa statistically analysed. 
Thn polarlzoc Ion In the plane perpaadlcu ler Co 
tha geomagnetic field la counter elockwiae oi. 
the Doming side (Qh-12h LTl and clockwise on 
the afternoon aide I |2h-24h LT), when v lowed 
along thn field dlractlon. Thin la connlncant 
with the stetistlcol roiulta (tod ground-baaed 
oagnatU date by Wilson and Suglura (1961), 

Thn dennreae Ion lino acrona which tho polar- 
isation Is reversed seem to vary to tho tine 
span between l]h and lAh LT. Thl» tine span 
say be due to different angles with which shock 
front a or tnngantlnl discontinuities propa- 
gating In Interplanetary space colllda tho 
.lagnacoaphera, A latitudinal reversal of the 
pul or list ion of SC observed on tha ground ilooa 
not ceno to occur at gODst n t lanary orbit. 
(Gnomagnettc sudden connancemontB, polarlnatlon, 
gsoacattonary aateilltaa), 

J. Oeophya. Baa., A, 4AB153 

1770 Shon-psrlnd (loss then I risyl varlaclpna of dh*- 
necir field 

FELATIGNSHIP BETWEEN THE 1HF HAlTHITUPE AND Pc ) MAGNE- 
TIC PULSaTIOKS IH fflg KACNEYOSPHERE 

K. Yumoco (Onapaua Husnu I Ir ubsorvarory and Oe»physli-nl 
loBilcura. Tobclu ItalvarolLy. Sendai 9R0. Japan), T. 
Salto. B.T- Tinrutanl, 1. 1. Snlch and 3.-1. AkaaoFn 

Comproislonal wavea In ths Pc H rraquoory rungs if 

• 16 - 100 cHil detected at the synchronous orbit (COES 
2. L - 6.67) and low-latitude pulsations detected on 
tha around IL • 1,1 ’• 1.0) are rnrrelaled with rhe 
strength ol the Interplanetary oagnetlc field IBtHF* 
observed hv HR 1. whirl, are qv pressed so f(nlli) \ 6.0 

* *IHF*°T). The corraletleo heevaso f and B.up ta 

lerrer In the ™it*r Depnecoapha re than In low latitudes 
« Iho ground. I .a.. - 0.70 at CQE3 2, 0.6D at L - 

I. 0 end 0.54 st L « 1.1. Tha correlation study aug- 
soaca that tha solar wind energy In the Pc 1-4 range, 
aeODclaied with the upeirssn waves of which fraquencle* 
are relond id che Ion cyclotron frequency end chus 
with the IHF nagnltiide, 1| ultima rely rrantsltced 
arroaa (he acblont geonegoattc flnld Into the deep nag- 
netnaphera. Scartor plots of pulsation frequencies 
nhaarued In ihe Dagna ensphere versus the IMP magnitude 
ahn* n remarkable distribution restricted within Ihe 
foraa f - 4.5 x B, HP and T - 7.3 * B IHr . Tha raaulta 
ara theoretically oxaainad. If che restricted Pc 3-4 
froqmnclw D f tha ron press tonal wavea at che aynchro- 
nouo orbit rorreopond to rhe nappler-ahifted f raquan- 
,-los of uasatoRonlc upatreao waves oacltad by thn 
mil-known lon-cyc lotrc-n raaanauce with rofloctod Ira 
baama In rho earth's foroahuck. cho rosenant klnotic 
ana rav of tha reflected Ion beam can be toferred to ba 
rsatrlrtsd within tho 1-5 lea? range In tba spacecraft 
frono. Thn Inference In ccnataraot with eba obanr- 
vot tonal dint r (but lens or the roll acred Ion boamn fay 
Cho ISEE satellite in ihs earth's rorsahock. It Is 
llfcely that the am gna ton mile upstroan waves In rhn Pc 
1-4 range In tho earth'* fortahork are coavnecod 
through the nagneconhoath to tha pagoeropaaae . ernnn- 
oLctad Into tho deep aagoetsiphera without nlgnl r leant 
changes Id spercro. and rhso coupla with various BH 
woven in (hr oagnatoaphore. (Uparrasn wnven, coapron- 
slcrenl Fc 3-4 wavnn, IMP control). 

J. Oeophya. Ran., A, Paper 4AI025. 


5780 Wave Propagation 

SmULTAKEMH SATELLITE ABB GROUND OBSERVATIONS OF DUCTED 
AND NON DUCTED VLF EFTIHIOSSi GENERATION REGION 
LOCATION AND DRIFT 

A. F. Farley and I. L. Dowdan (Departoaht of Physics, . 
University of Otago, Dunedin, Hew Zealand) ' . 

Discrete anionlosa received aa tba ancnlllta ISIS 11 
on 15 August 1978 corresponded closely with chn 
Missions rucnlvad an sssrhy ground stations. Over 
tli* first port of the pass the signals were nora or 
lass Blanltsuoaa and Identical in shSM but later they 
appear an tha sqteUltt record In s slightly aura dla- 
I«raed fare with about a quarter of a ascoad addltlcdipl 
delay, strongly. eutgestlYS or ionductad travel l;n ths 
setaslos region to the utalllte. Ray tracing La osed 
*o ntknept to rsconsi rtet (bin event sad idtnbllsh the 
. generation region of the tpiasleoe, 

• J. Osopbya. tne. , 'A, Paper 4X067} ’ . •' .. ., 


Physical Properties of 
Rocks 


lj 1 4U (Hngnellc Fi oper'. lea i 

EFFECTS OF THERMAL rtiLIKC HA'iNITIf fPOPFPTIES Of 
1UHAR ANALOG 

A.M. Ration IDopartmcni of iTe.,1a*v and ijciphvalcs. 
llnlvorslty of Wyoming, lornmlc, Wyoslliu 020711. and 
P.N. 5ht»e 

Therms 1 cycling of lunar bssnU ur, slogs Lctwcen 
liquid nil rogan Lumpur aluro f - T r »(i*C • and rwo iwpcrs- 
lurc Iiiih nu spp.irc-in Influence on Lliuir romanonl casf* 
clvlty spectra. In I L Ini ly Hnaplos were cycled up »« 
Ififi Linn In o ref r Igcrm.ir over n pcrlm) of .ibuul » 
minuios [".r cycle, in n util sot ol e»|w-ilaoals, 
Hnmplcv vc re dlppuil dlimllv lino liquid Dill<q>4 'ip <*> 
100 times nt nb.iui ..m- mlnm>- p,-r cycle. Tr.npsrlvu. ■>! 
At dcitiignoll.-ni l-ui vuinm r.f vuiik i’1cld milnslsrcl It 
rcciiincui magn.,i i.-.ii |.>r lAKNi lu-fi.ro im.I .ificr cycling 
rc-t.-.ilcd no m siphuilK dlf fc-n-eerH. »ii leu 1st loos bisud 
.jn s 0..J0I «f spherical Iron grulb-i wuhlo olivine or 
Ir.-1'IIC IB-Jlcillr tlial It >mli1»lr llml ihe *'(* 
will cr.ick unJi-r (.I10ra.1l ntrmit. lion, ihuruu I cj> M"g 
does not appear to provide .in i-Jipliinni ion for lntr*4i" 

1n s tho Hisblllly of imnavliu- In numpIcs froa (hv 

liinnr ourlsc'-. (llioimnl cvvllng, lunar bnsjllCS, l» 
non( rngnoi l*sl |..n, pnlcr.i nlcnsl 1 y doi rial nation) 

J. Gsophva. Roa,, B, Pnpur 4B10'4. 


Planetology 


Atnnuphoren <"•( Plunuti 

I. YTERAHNUAL AMU SIIURT TERM VARIATIONS OF THE VENM 
HliiMTTIHE UYUH'JGF.N BIILUF. 

II. A. Tsvlor, lr. Hjibnr.it ury f'«r Planoisry 
Atranspmrau, (knldnrd Bpacw FIlHht ifentar, Groonbslt, 
MO 20/71 1, 4. R, Hr I ntun, II. B. Illaosnn, H. 0. MayM 
R, R. llart In, A. Rnr".-s . and -I. Lara .in 

In-slni lun ,md usutr-il raapmltlm aBOSuTOeanls 
(III. Pioneer Vonua orhiLur sru nnod 10 dfrlvo (!■ 
noutml hydrogon content d'lriiy! I "1 7 A- 1 ISO . Yhi P»" 
down dl.irnsl haiiy.e In nfll), lduiiclflo.l In ssrllsr 
sl'idiuu, I* f.Hin.l tu pur* 1st . with past, lovll* 
v Iii'/cb 1 anil n night to .liiy c.mcuni ration ratio 01 

about 2110/ 1 . Mlvirt term flurUMt lotto nf <« 

f actor of thrun rs fleet ills vnr I ability of Ion 
■lautrnl concum rut I nni uftsn am on ths nlghtsloo- 
TI10 ohnrr turn varlstlnno, which appear t» bo l> 
aolnr wln.1 nn>l m.lar rn.llatlnn changes esepllojjk* 
diurnal dl air I hut Ians dacnrnlna.l for oaeb of 
vasrs nt ii.l tad. Allowing for this variability 
rs lattvoly lit tin avldonen »f slRnlflcsnc (nt«ranr« } 
variations In nfll). (.inronany, ntmoapharlc vari* 

J. Gonphya. Rob., A. Paper 4A11I7. 


6560 Hetsorttlcs _ ttiuU 

HINERALOBJCAL COMPARISON AMD COOLING HISTM» » 

AND CIIDfiDR 1 TIC VESICULAR MELT BRECCIAS 

H. Miyamoto (Departnent of Pure and Applied seis . 

Col legs of Gensrsl Education. University of Tokyo, 

Komsba, Tokyo 163. Japan) , H. Takadi, and T. . 

Lunar vesicular eslt breed s 177138] hm 
cel ly toupsrsd with LL chondritis anilgg Yamto-wp 
to elucidate Impact ositlng procssses am J \j(h > 
cooling history. Ths chondrlte 1l dArt cdoriU 
very fine-grained texture and abundmt to spe • 
clei. Nlcroprobe analysis were aide of py«*“" ■ 
plagloclates and olivlnei end of kjajpodt t . 
the glossss which appear to be solidified rrejj 
aults. Notable slmMarltle* betwin tho 
chondrttlc malt brsccl as are: (1) Ibundant vsilt 
(2) similar pyroxene (Mttl ind (4> 

once of variable amounts of clastic oitariai. ^ 
similar chmlcal cospesltloni excapt for a 1|tll 
tents of the gists and naioitaiis- , s ®* gif- 

00 the cooling history ara oltlMt* 1 fr£ * ™ tar (,| 
fusion profiles In olivine and wrroMne. iW 
depth of lunar sasipla 77135 during MOlljJB . ^ 
large (0.2-100 m). For Uia chondrlte. the bur 1 a #f 
depth during cooling Is probably ^..Arlte 

the lunar analog. Even If Uu iiIh ' »' Liu 
parent body It snail. It is probable that 
were produced and a layer of ejecta dabrll M 

duced which was sufficiently 
nlie Ng-Fe chemical wmlng of olivines. (Wt 
lunar rock, thermal history, chemical zoning/ • 

J. Gsophys. >ss., B, Paper 4BOM6 -- 

6599 Plana tology (Aires edd j' '’" 

fflB B-aU/U OP SATURN . AHD SATSLLITB Mltfbr* 1 ?' 

Bavin D. Psng (Jet Propulsion LshMstwy, char)* 1 

Ins tl tuts of Tsohnolnsy, .VkV”; V 21 , 

C. Togs, Jauk V. Rhoads, Joseph cJoijV 

bsturo's puLapnoat (Rl.rinB ,Tbe' 

relsbaj, bo ifcn laLsllits BB ® , ^tlvs«sltn trad* ** ; 
optleal profils or Us E-ring ■J 6 «JgSfi{|s rd>4*' 
the albedos of the savin Bstur^n os»^“ ... baar a » . , 
within tho E-rlng .auiieot tbirt 

gaurntivs rnlntjjmnhlp to rial r •: 

of tba ■iopophyslAsl proper Lit* tha • 

elucidates this .felstlonabip. *‘ J V llo tVio aP^V’ 
funntlos Of tha B-rln* «3 ulp ‘* ^ dislrW*** ! . 
and its blue oblor. — » narrow al*«, “ r ,fraet«! : ■ 
Llhifco.ar* also pi hood -Ml ' *555 : 

inday. All obaoryad optloal-tn*"^* „ r ma? W* [; 
or Batura's 8- ring oao be •pi*JrtttriboM° # 
sasttorlog by 0 narrou pins j.j .5 doroA*' • 


epherea vll 

1 end sffoot 


log by 0 narrou ploe . der***' 

wtt^ mir dTmrte^ddmj^^ 6 ,p*ad«>»» 


September 18, 1984 Eos 


shape of ths ring partlolee a ad their narrow sins 
distribution lnply that ib.y have s oolUs orlSvt 
foil owed by qulok freer leg. Continued reVlenirtBed 
of lb. E-ri« by voloanio eruption, on ERDsladu * ssuoa 
quite plouslble, eonsl daring all available evidTL«« 
Tb. rsospt dlaeovsry or fete do aellvityon SMto 
•upporta our oonfll unions. Alt be u 8 h both s.ag.nlo «„S 
sudogenla hypoLhesss on the origin or the E-*w ^ 
aaoslstant vlui tha gross nsoroatruoturo or Ltiu^rirs 
and ays tana tie trends in the albedos of thf 
..tel litaa, only epiaodlo volo.nlo inj.otlea. of 
partialea into the E-ring asn asplaln tbe loaxlstenen 
of the diverse ring atruetucoa. «• ■JSJSJ'J! 
relationship between Enoeladus and Ihs E -ri, £ u it, 
that between lo snd To., tcrua . nd aL„£! 
,.r.ll.la, whies nr. useful i„ under.t.ndlna o“e^ 
Seiar Systsn voletoisB and ring foraation. 

J. Gsophys . Raa., 6, Pupur JBo$86 
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6905 Baissolaiy, body waves 

TU WO-DLMRMSrQHAL CADSatAN UAH SYHTKBTIC KZTHODl 
Timsa AVD APPLICATION ' 

I. Ifanek and K. Aki (Depur man t of Earth, Atne.ph.ric, 
ud Ptanatary Balances, Kuaauchnustta Tnatltute of 
Turhnalogr, Canbrldge, MA 02110) 

Tba Quiaalaa bean nathod of Sanaa/ at al. (JB02) i, „ 
■■jnptetle nathod for tha cenpuutlon of wsva flnlda In 
iriHeagneoua -dla. Thn .thod cans lata OF ereclng 
and then aelvlag tha Have sqaitlm l„ ■'rny-eantered 
ceordlnstea.* The parabolic .pproalnac Ion U applied 
flad ths aajapLOtlo fecal saint ten in thn enlghborhood ef 
sub ray. The spproxlut. global lo lotion for a given 
•euree la Chea crntrucced by a .up.rpo.i t i„ „( Susai.n 
bsaaa along eaarfay myn. Tbe Oaatalae bean Mth -j u 

tastad in ■ two-dlMna ioeal Inheaeganaons nadlun u ,i„. 

»■ approaohaa. One [. che .ppllcsclon of lh . ran iprocal 
thoarae fbr Drain's funetteu in an arbitrarily 
hnlaramaaeui nsdln. Tha dt«>r. H n(.y bat««n synthetic 
•elieogtani for rsstproEBl csiss is conaldsrad ss a 
asaiaro ef the error. The other appreaeh la to apply 
Oauialan been synthastp Co esaaa for vtileh so let Lon. . r . 
kneim by ether spprot lasts nethoda. This Includna tha 
soft baa la problsn that hsi bean acudied by finite 
difference, ftefee aleasnt, discrete Mvenuabec, sad 
llsrlfted optica. He found that the remits of these 
tssts were In ganersL satisfactory. Us hive need the 
Osessltn bun os thod for cm ipplleattonn. First, ehe 
uthod Is used ee study Volcanic urthqu.ku at Ttaunt 
faint ulana. Tha obaarvad Iscga differences In 
anplltude end arrival time between a icatlon inside the 
enter ud it at leu ec the flank, can be Sip 1. 1 ns d by ths 
•" velocity scree tura and a 

a hallow foul depth. The neehad la also spplfsd to 
vesturing or t si assise lc F wvae by a llchespbar. with 
raadoaly flue tasting vslocLtlsj, 

J. Gaephyi, Rea., B, Paper 4B04«5 

6540 Ftimoaena raiatad to urthqankn pradlcelon 
EFFECTS OF DIL4TAHT HARP HR T SO ON THE DEVELOPMENT OP 
COSCZHTRATH) BRIAR DEFORMATION IK FISSURED SOCK MASSES 
J, V. kudnlckl (Dspartnant of Civil BciUurLng, Kortb- 
wutarn Dnlveraicy, Evanston, IL. 00201) 

This study eaaalnsi thn nffacta of dilatant hardnntng 
on ths davaloposnt of concnotrseed ahasr dalorutlon. 
Spaclfic lolly, the analysis cons id art the sbasr ef on 
toalastfeelky deforming rock naaa containing a waekened 
layar ot thicknua h. Tkie prueocn of the ueokonad 
layer cauBea local Isat Ion Instability, characterised 
by ae unbounded ratio of a a train lecranant In tha 
wiiksaad layer to that In tbe farfleld, LO occur 
earlier than it would bs predicted from tha response 
of the astir Lai surround ing tbs enbeddod layer. Tbs 
development of [notability in tins deponde on tha ratio 
of the rata of Imposed shear strain v to that for 
riuld boss axchugn betwnen ths lnysss. c/h J , whim c l. 

« sfftetiva dlffuslvity. In the limit v h J /c . o, (ha 
prassura in tha waaknned Uyer Le equal to that in cho 
lorrooedlng material end lose Hast ion Instability 
Ktuta sc the peak gf tha drained screae-atraln 
eorve. Pot finite vjl’/c , Instability Is dsloysd until 
“jsrlal In tha wnakad layer has bosn driven to the 
psak of Ita undralnsd, dl latently hardened stress-strain 
“*vs. The tins delay between flnil instshlllty and the 
tie* at Vhloh the waakanod layer pease* tha peek of Its 
aratasd at rasa strain curve la called the pro>-ursar 
C “* Si kBC * UM e »p*<* *C rein Ing of the woat.ned lavar 
p«ur»> , durlng this period. For ansLl y h*/e, as appro- 
priate for tectonic applications and most laboratory 
“Hrinenta, n nonlinear asymptotic analyils predicts that 

l , r m U* , /«) i/J (A/Tj WJ 

•J“ta V la tha half-width of ths peak of tbs atraas 
."J 1 curve, a 1. thn difference In the peak atresias 
rh. , t0tk and ehfl ““ k l»F«r divided hy t tinea 

alaaclc ahaar modulus and a la a need 1 sens Ioeal 
Of the etrangch of dilatant hatdenlag. For a 
wins rang, of numerical valuss, tha precursor tlaas 
»rr.(!? ty than a fou hours for cac tonic 

» i. i 1 ? 1 ?' * ni ,e,B e,lon “ ,ow Conl ot seconds for 
typical laboratory at rain- rates. 

J. Ceophya. Us., B, Paper 4BO075 

IfaLeuST** 10 ssrthqueko prod let ion 

Shaded ^ BSCESCE " )p A SPE N 1T « a f“ THE TDHOA- 

(Coops rati vs Institute for Roasarch in 
^ryopmsntal Sciences and Deportment of Geological 
rolrT.I , ‘sft- D * I 4 **' lhl,yar elty of Coloreds, Bouldar, 
a 1 ";?' i0 , 309 ». »■ E. Il.bara.nn and J.-C Grlasssr 

•tBnir leant tonparal and Bparlal solinlclty 
bmind»rJ nl 't t U * ra fouad alon B lbs Tonga-Kormedoc plate 

, h0 ■tendard deviate (x) test wsa usad to 
•ud at, e,lly aonparo chu rates In different porlads 
■tunsli.! 1 ? 01 T 01 ™ 1 , »»*I to tost for uniqueness of 
I BriM*..„ j" d ' The HOAA hypacooter data fllo ihowad 
lartk.-.C'** dBcr * a, v l" tha nuaber or email eagnltudo 
•ueb « t*' r, P° rc, d artor 1969 at ths aana Lima as 
g lf rapertlng datllae axleca in tha world wide 
»tudi«l i ° r « “ ly •■Ttbquskaa with is. > 4.9 wore 
ilwcki ,or V'leseones before rvcsoi main 

*n«aalls. 1,ld "‘* l “° un, 9U«ly ilgnlficant prieuraory 
Qolsiriw.I ° n * “ 1,a,# nalnahock and one false alarm, 

H - a n ,Ca r tad monthB hsfors the January 1976, 

Tbq*e" *i, aod months before tbe Jims 1977 

U-Tf W ■ acL bquBkss- Tho Dacnnber 1975, 

tha nos 1 Th k “** Mt P racad "d by a seismic Lty rate 
■tlheuFFi-f N*P“ In tho Tongn-Karmsdec are 

31® uf' iS? “‘“Ixlty tor analysis (I)” lo 22 B 
Yhsrefar. ih<> ’ , constant rates up to thn praam t. 

•arthsuavl. 0 " **“ h ■ ,,, ° r the quleacance hy pot has la, 
.yattssr I »*-.*',* noL 6oracnat for them segmenta, A 
of lcir . •}"** ot tl“ aniamlclty rata as a function 
•rsas of ki'i,. 6argn variations along tha are. The 
■Ith rh. .V 1 ,nd lowest selmiclty rata corrolata 
Ldullvlll. * nd at tho l ranc h a»A “ith 

attmr lars. * 4# * lnter ‘ a<,tloo > raapeotlvoly. Eowsvar, 
without conlT ' a »t» ax lata becuaan arc sagnanta 

that milu • tectonic differences. This inpliea 
daf l»a .nr, . ty dou R hl, v* patterna do not reliably 
■•taste lty r«:'fin«°“ “^P“ nt oI °“C a L a "dlngly high 
■•parltv h.. t# EO ** *• Idantlftad aa a major 

•vasts . , C " U " lE cents Ina a largo number of m > 6 
■•Yuftesi ““her of racial, aalnsheek-ifcerahoek 

5 ra Pe*s ih., c * Cofp * 1 tha t I,lc *976 rnpturn. Ue 
tau .X* 1 ! och °r aagmeec of high aelanlclty 

8) aleo rapreaeera a major aiparlcy. 

J - ^Phy,. Rea., B, P. p „ 4KWl 

** > tlffkDTO C , ‘ >U^Oe, 

“raSKJHTBO THE REGIONAL STRESS 
W THE sSrS^ 482 H*™* 818 ** DATA i APPLICA- 

i U. EAKTHQUARE BEqueSCE 

^Ivsratty PtoSS*' 1 **" 1 ° e 0»«l»«leal Sclaecaa, Brews 

, “ om «' D - U - 
‘"ilriisg b, . ? f r »“lt plasaa and slip dlractione 
■•thaafem, Population of aarehquaka focal 
Kiaatpai - .*?** * J* deearmtoa but-fit rug tonal 

?*^tlon or Pt * UBnitudna, under tha 

S *“*1/11, allow. B “ M * t l* tha son ten ragloe. This 

\ a "■■UlnuLrf 7““ibOIty that failur. occurs 
Invarato!^!' 0t . — b» > a ol any ori.ntatlea. 
te,fi nd P“f*™ a grid search qf atrsas 
ta 1 " 1 va'Utien of*.li B th ,ll p h I'f’V 1 .»• ■■•***«, ' 

!? "Alth tbg ohsetv.d r *"H ?lBa * a 19 BBadad • 

affff *" d P rad,c t»d .Lip diet clonal 
t,ult PJ-eiT J! ?. nr S “ oximtetiMia of both 
^•ttlvs eneliil d,ra ^ t -t“’», Wa hava an 

Z? M *aibla fault nJ tontl,pln * th “ “° r * uk,1 7 ot ct 9* 
2 -Bh. t, from each focal nachanlm, 1 

,c *ljB»s SrlS 1 - 1 ? °* nodBl Plmnn which plaguaai 
kto *' *7 W * 8r« starch . . 

IC ,1U *0 parrn™ h, 5 • ,Umtiut(N .chess ,■ ws 

!■' «rtor analysis and " 

^* Aoa *l ■ttneua 'vT 1 '* 1, " lta for thn praferrad 
uJ* WeaibU ■[,„ ™ “Uwd ceo ba Mod ?o In vast i- 
by I*hoaog«nalt lea during aartbqunlM, 

; *^* ln 8 •ubaota of the data population. __ 


SHSF 1 

*.187, -•‘•"■Cfl. Dt- 

gssss^sg 

A950 Siliolc lourqii 

J. D. Bundle fOsophyalc, Dlvlnlon IH1, 8 , nd ,a 
Bational tatorstorlu. Ubuquocque, NHailoSI 

erme Tlr? * r,ulC ln •**<* "Mo.. 

f aolt P Iano A"'" Jlffoiont Otrua-allp 

cunotitutlve !.M. Tne ood.l la cvncsptu.il, ample, 
involvtc, nonlinear algebraic equation which can 

a grafhiaai mathM of au««„lv. 
Iterations, "ppllcstioa Is cade ta the problor, of 
mplninlnq •elm.l^ny pattenn aa.oclatod with great 
earthquakes. Tha nodal quest 1 tat Ivaly oaplalna’phana- 
bsirlSra° C St * d ’ ,1U ' Mi “ lj W** aa Parlttea, s^d 

•Thta work wsa supported by the 0.8. Dansruont of 
Energy endsc contract DI-iCM-HDpooiag. 

J. Gsophya, Res., B. Paper 4B1QM. 


6900 Salsmle Sucre vs 

IN »■ whit.. 

Atom Ion *' ^"Physique, ConuctaorlM a rEo.nl. 

AtanUquo, B P BM. Pepssle. Tsblll. French Pohnuu). Brd u 

ptaow In tha Tabm-UebstU eras el Fraoeh Pclysssta at tha 

(sah^Mri^nnn u ' ‘ h * S ‘° oW/ l,l * nd hrtl W« l - »' *W» iHim 
jan urad godo mrlhqunVas, with s mirlmvm rasj ulluds If, - 4 3, m 
lea immsdlsls vluluty of tha blaed g[ Ushein lh, igRp _T„ 

VoS 1 * 01 ,h# “IT 8 tJ5S“Ji5 , a .M S! 

tta ta ‘ " W " J »l T-J.r 

Ita hi IBB5 and Inelved 30DD susnla Al [bough no precise qon- 

at ?L '■ B,uraa ‘I 1 * ovolulloa 

or tha Hihslls asarm era gonenUy uoualil.nl sUb tba prab- 
“A. 1 “'•'nuo'ehndyiamrd'h. wrlss. 1„ thn css. of 
Toshilta, the rs cording ot abundant trainers cl bslh high end 
P'rtlwilirly latsaaa during ib. ISB3 swarm, i. 
nirtMly Mmilftr (a ubihi uf Ab6ui*ohi*4 vnleJink iiupltonM Th« 

11 opl ‘ od “ “«•• «h»ntam. pen ef ihs 
prossss el building the nnsl ulsnd la (he chain. 

J, Geophvn. lea., B, Paper tinr.U. 


LATERAL OFFSETS AHD REVISED DATES OF LARUE PBEHMTMIR 
EARTHQUAKES AT PALLEIT CREEK, SOUTHERN CALIFORNIA 
Kerry K, Stsh (Division ef Geological and Planetary 
Sciences, California Institute of Techna[s«y 
Pasadena, CA 911)51 

Racent aseavetLon and nav radiocarbon dates of 
■adirneuts » PalletL Creak ere tha bails for new 
conclusions regarding the Ills Holocene history of the 
San And r* as /suit. Eystseatlc dlaesetlon el s 50-n- 
long, 13-n-wlde, 5-n-dssp ralune of sarcb. centered an 
ths fault, enables dociursntstlon ln thus dlmenslona 
of fault patterns, lataral orfaats and vartlcal 
dafbrnaclcn aasaclatoi with large earthquakes of tha 
past. The •icavacloBS sitpasa svldsncs for )2 
earthquakes thai occurred betuoan about 260 and 
IS5? A.P., with an average recurrence Interval of 
•bout 145 years. Prehistoric Slip svants that 

occurred In |72u t 3D, 15W * 70, 1350 1 SO, 10*0 t 65 
and 843 t 743 A, D. have lateral offaete that are 
Comparable tu choeo of the most recent greet 
earthquake of 105 7. Dias, all of three events 
represent eerthquatee of large magnitude. Ths lateral 
of fists of lv) other events, in 9)5 t 84 snd 1015 
t 100 A.D. . are an order ■)[ sign I rude nailer and may 
bo Interpreted In several ways u[rh regard ta the else 
of these events ■ The new data constrain che average 
recurrence interval for large eerthquaWs at this site 
to between 145 and 2 ,v4 yeare, hut suggest ■ nonoionic 
decrease In ladlvidual Intervals to below this range 
during the past 900 years. Based upon chase data, the 
probability of e large earthquake with lurflclll fault 
rupture at this site (a bstunen 0.3 and 5t during 1984 
onj 7 tu BAR br the year (Recuirenca intervals, 

5«n Andress fault) 

J. Uuuphyt. Bei, , B, Paper UBObl 3 


6970 Be line logy (Structure of tba cruet and upper nantlt) 
AXQHALOUSLf THIN CRUST IN DCEASIC FRACTURE ZONES l HEU 
SEISMIC COKSTMUfTS ram THE KANE FRACTURE ZONE 
H. H. Cormier, Robert 9. Decrick (Graduate ScbooL of 
Oeesnoirephy, University of Rhode Inland, Kingston, Rl 
02881) and G. Michael Purdy 

Thrao detailed aod carefully positioned enlsalc 
refract lee axper (neats hava recant ly bene carried out 
nlQDB tbe Ease fracture tone pair 24°M, U°U le order to 
pLace better pophyelcml coesirnleie on the euenc and 
origin of the anonilouily thin etuac reported from psrta 
of this end other large Atlantic fracture sous, Thue 
thcae experience, whan conblnad with earlier atedlas, 
naulc Id reversed structural control along shout a 300 
km long asgmasc of tbe Kaos fracture sona islanding from 
thn ridge-transform interssctlan cue onto cruse about 25 
Hyr old. An ansLyale of refraction lima obtained aLnng 
ths fraecura zone trough using both l ravel tins modeling 
and delay tins function techniques renal Largs 
vitiations In etuetal thlckuss and/or velocity, 
however, along nest of the aastere fnatnta seen trough, 
upper mantle-type velocities ara found at depth! or only 
2 to 3 km belov tha inn floor, less than half tha 
typical dapth to Muho lo tbe ocean bin [ns. This 
anomalous fracture tons crest Is gene rally chaneterizad 
by unusually low compraiaLonal wave valecltlei, 

relatively high velocity gradlaata chrougbMC, moat ef 
che cblennd ccnatal aeetloa (about 1 to 2 I -1 ) and • 
dtitiecE aruat-mantle boundary. Thn vary thin crust 
appears to bn confined ta chn deepest parte or tba Kaon 
fracture sons trough (<L0 ka wide), ilthnugb a nora 
gradual eraatal Chlpning nay aztand up tn asvaral cans 
of kUomaters from ths frsecora lane. A spac telly 
dial gnsd delay tins szperlmect at tba leinriactloa of 
tba Kaos fracture sens nod Kld-AtlanUe Ridge aleo 
revealed tha prsenen ef ■ thioesd nruatal sactlon of a 
relatively uni fora tfalekassa (about 3 km), escape 
bnnsath che nodal baa in whirs tha nruat nay bs lass than 
one klloaater thick . Thn uanaiaua omit in the 

IstaraectlDo area appears to ratead at least part way 
down the mediae valley, l/s interpret thin anomalous 

fracture lean crest aa a primary aocraUonary feature 
that foraa aa ( result ef a riilrlciad nagna supply osar 
rldgo-t uniform Ipcnrnnettani, although cacteale 
procaaaaa nay aleo play a pact, at laaat locally, Ip 
thinning tha treat. Our raaulta aupport a "ribbon" 
modal of tha groaa sal sole atruetura of tha eceqa basins 
Is vhloh bands or relatively booeganteua, ap-ealled 
norenl emit 50-100 ka vUa extend away Iren apraadleg 
cantera, each formed at a diaonte rldga crest segment 
and each aaparated by tha tUi cruit uodarlylng the 
f raa tore soon trough. 

J. Go op bye. Raa., >, Paper 4B098S 

69/0 Structure ef tbe treat and upper naetle 
mao oriehtatus i sheath khtral California fbh 
RIOIOHAL BARTHqUAB IttAVELTlKEB 
D. H. Oppaehalnab (D.B. Q so logical Survey, 345 
Nidd Infield Rd., Manlo Part, CA, 94D2S), J. P. Baton 
dna^yaia of reistiva Fa travaltlmna racordad by 234 
a tat lean of tba U.S.G.S. caacnl Callforala lalsmln 
natvetk from 77 HgloDal'aarthquakaa and axplMloni 
shove that arrivals ara progfssalvoly delayed ta tba 
merthaaec in bath tha Caaat laagas and Biarra Havdda 
feethlUe. By dividing ths C4LFST lata 10 pnbarraya 
and aasMiag lateral iv anl fora valoeltta* for a oniet 
ever an appar naatla heKapaU, tha arlaataclaa of. a 
p la ear He bo beneath each subarea 7 la ulculated by 
Lava raid a or rl lari vs Pn arrival tin*a. ■ Tha reaelta 
■bow that tba hsbe dlpa to tha northsdsc bstwsan 1 
add 6‘ bepaath ths Ooaat kisgss and 8* to 17 baarath 
tha Great VaUay. and 1* hariqwtal bqaaatb the . - 
fnetbilla. Pn raaUuaU wart of. tba Baa Andrus 
fault ara relatively early by 0.55 a, bat era 

loUfpPatad aa rs I ill ting from a lataral velocity 
euecraat aerori thi fault. rather than variations In 
eraatal rhickmuf*. Thn Pn data, corrected far tha . 
crave It in* due ta a . dipping Kabo led lost 4 aa 
isotropic Upper na«l* velocity uf 7.97 £ .05 m/t 
• beuastb tho Coaat Rang ad, 1 Great' Talley, aod 
feethlUa. Bvldaaea' if upper, mantle velocity 
aniaotrepy le tba aalautbal vakistlem le Pn apparaop 

velocity norMo ted for dip le eply marginally 

algeifUaet at tha' SI level. (»*». “PP^ 

V01oclty, anfabtMpy). . •. • ‘ 

J, Oqnpbjra. Raa. ," B, ifap'a^ 4J0984 . 


6970 5alsnology 

I3L/£n‘ l, ^afitva E B f«SJ«fS NE B£HHTH ™ 5HUHA0IN 
l-D^Y'rMClra REL0C4TI0 ' 1 0F LnML EWTHflUAKES USING 

52!IlrSl'5 , !!? ,, c‘ D !E 4rta J n J of CM,Q S ,c *l fc lance.. 

90089-07^) f &IJt " er " Ci,l,0P " ,a i 101 Angilei, tk 

Saliaic rayg ire traced through t prescribed three 

5!t th Shuaagln lilandi region to calculate local 

MreSrawSI 4 ! . ,or . 8 9 *•*’ •tfpsesntar and a slab nodal. 

ire th2^ralSi?2 by .J hl aiuml 0 ,n «1 mIc network 
ire th ,n rg) oca tad using tho station dilays, a 

lo?it Sr™n V f , ° CUj ' ,lructuf « ind « standard earthquake 
ES ™putar program, station delays ara calculated 
for twelve hypocenturs with reipecL to vis different vlah 

"?th UiaanHahla lh8? * j SMS 

ni J. .. 8 •T 1 * 11 l,M 4nd «»afann data. A gat 
m(Et l ?* C !i r,Ct, ? ,ls th,t ls “'culdtad for each grid 
Ppl it-gU tloa pair on d preliminary grid of 36 points In 
the depth range from GG-300 hi It usad to recalculate the 

(L ] °a f 1982 d!pthi 

froS lMJ h ?2r 5 ?k?;. ff 8 ! e,l,an or thl » Mthod to data 

s aias » STS.!: a* 

t ha 'Sf ■“ ,n dlp of th * ‘^ducted tfab 

*00 N" dlsappwrsi *) «e subducted slab 
re2.uefS!u IJ «S l E p,,l « structure that dips it a 

bSaHS % n 'y nn t r r *r t ' 1 nDrtl, "*» •* depth* 
ia? 250^300 k* ud has 4 7 nrcMt hlntur 

dal2™lJpd h fIIfi h ! h iurr ? und,n9 “ ntUs 3 J hyp ocen tars 

' Mtwork d,ta torel* only IO-» 
51? h ‘‘Uillty hypocanters detarnlnid from 
' ^ 91 "w; 4) qualitative corpa risen of 

^ “ ,th ray paths 

r h,a ? ff, 0 u,nc y eod*. poislhla 
for Wpllludas af first P arrivals 

J" "J* JJ'J j r *™j M«>7 alone the slab. Converaaly, 
IiJra Jh. 1 ™!. 1 ”* 8 J, : a,t « « leal ly through the upper 
Plata the seismograms show a high-amplitude or First P 

K r ^ 4 " (leant cidS alld 

S-ktav*!. (Subducted lithospheric slab, 
local earthquakes, ray-tricing, eastern Alautlans). 

J. Gtaphya. Rea., B, Paper 4B1Q6B. 

,B, ’de concurs ion 1 

^ 5 f? ITEk !! K * 7 A bA!,: ' 7YPF HETFROCENEin 

R. bitlHl. UnstlEul fUr rionphvm I* . Uni.wiulidi 

ILiQbura. Bunn.sstr.5S, IWDOU Hjoburg I), Fee l 
■aylslyh wavra are lnvv«tiy J |„d nunorlcJll, on u 

S^Ttaia*.* * ljVur 0V '’ 1 a -■tasragms, 

onJ a basin fTkc-ddod in ih r i JV .r. Tho basin lIisiIc 
^ w 'V**d vimM latwtnlly hvlotcscnnou. 

nod. s ,. d.Mvram ralwcliv roa.,.,,, b.lv.-un lh, b.,.,„ 
snd (hv lavvi. Tho wjv„ [ncld,.nt iq,..,, h . 1>in u 
Jc-( invd to hi .1 pure fund «n,|,ra| h.ivlnu 
u.iv,- l..n*t h» c umpire!, In lu chv ha.in dlcmmlwm. 

Ana I vl is •>( ll.u w.ivr 1 rjnnni r tsd r.-Vi-ili nwle 

(ooverajnn, l.v. higher n..l c ... li.,U„e whith u 
In.rrjsingiy imporiont w|tl, inc rcovud vo|.^|,, 

Ji 0 ,,;ro \ nf * rn« rav, 

I 1 M "' 1,1 * h "‘ »*• a- Inn tl,. 

■nlv III vll., c..Jr in Ihu analysis lntnrv.il) is 
rolutlv..|, will; Which dlffvr. fr« uarli.-r ,.. au | lB 
tor Ihr r,,r ol tovo wavos. To sniblc direct 
cra.perls.0.. , funds manta l l..vc r-J.- havlne ,nuctr..l 
pr-purtlvs inshntou. I„ ih» Rayl 0 £ R h wjw, ii 
r-r.-paMtcd across tl,u lllbsurf.icn Dodvls -I (he rrurni 
p-ipvr. Ihls real Irma that (hv ■i.nnnldcd !.,•.»« w.ivr 
■orrits ! tsljtlkviv high jv.uai r.( i|„i |,UI„ r cod. 
vrorgv. The JiUcrapuncv bvlwr.n tin two Wav.-a i, f... ir ,j 
U- br rs.rnltillv Ind, nod h v [hr it tne [tiro uf I h. 
cubu.it I j.c 1 ruujfcr lunruum, 

iho f rj.;t i„n ,,f o. Jal oneic, trjnunlrtrd jer -t* «ho 
busln si rung 1 . 4r> redsuw with incru.ttvd vrl„cliv 

conirjHi. R.i, Lriyli nud |.,v« us* v « >h„w slnil.it it,- in 
>o....ni nnd lrrqu 4 ,.cy dipunivne.. u„. | rof(u . fl o( 

■ rjn-r.in.j ,n. rg> . 

In luma nf surf me „np1|(u-lc. cnc. nt |.. n ..ll, 

. '-nsidrirJ In pro, lu... (h. I ■ rut higher r..Jn 

' J '* 1 (.. r..du rrnvcr.|,.nl ■■ v.stlv 

r.r.pornhir t.. rh., |. ln .|or.. nI ol n.-lo f..t 

hull, waves . II iopl l.-« thal ,h.- • Iphtnd. -p... , r . im ,„ 
rh.- iiiinsr.iiird v.-c I, n...l„].,rr l in u„ horif,.m.|| 

■lirv. M..n. rh. rl lr. i ,|.j, t.. « hv spr. ml 

luu r„ rails. 1, .si ,1 b is 1 11 Hmur, 

mi.-rprrljtl.n t.j,.-,l g,.„ n , I .Cer.il I V Mr. •» 

hMol . .,1 nv iiiirrr.«nt . id . .-i r. .pund ,nu irj.-ns, n..i, h, 

a igni | Lam I v hum-J. 

i. Gf jpt.ya. kss . , I. Pspar 401I)b. 

6990 Inetr'jixmts or,; 

THE RECOVERY '3F TK'jE r AFT I'. 'LL M'TIj:i Ihj'l ihRLC 

COMPOWDfT <T2AII KWfO.H SEISMOMETER CATS 

J.D. Germany Unatlhute for GoofAya i?s, Unlvoralty of 

Tecas at Austin, 4920 Worth I, II. 33, Austin, Tow* 

T0T5LI 

The principal motivation fot tho development of 
multicomponent tcean batten cel Smomaters (OBS'n) was 
the hopo that zmaurmnmr of vector [article vs loci - 
ties wo-jld permit aharpar Interpretation of aeiantc 
dota, since wave types IP end S> could ba batter 
Identified with thla knowledge. The practical roeiitn 
of 009 use have not entirely borne out thla expecta- 
tion. Instead, tho OB9-seaf loor coupling system 
character! at I colly shows atrong reac nances, result Ln) 

In a tlngy appearance of alnamt: a l L QBS data. 
Previous ottaapts to deal with this problem have mad 
aatlously overalmplif led one dineniiorul analyses, fn 
the present work, we flrat consider an Ideal nodal c,r 
an 008 as a Hamiltonian lystem with three spatial 
degrees of freedom. Thla is general I red to n 1 Inner 
■yifcau having n degrees of freedom with three Inputs 
and three outputs, and we find that the OBS-sJ te 
aymtem ia an all-pole minimum delay multichannel fil- 
ter whose properties may be estimated frox In nltu 
aelmlc data. Ue apply the lnvarse of this filter to 
noise earls* obtained with a thrao enpanrot OGS used 
in tha HI vers Orman Sal male Experiment (ROSE). Reso- 
nance peaks lo the no lac power spectra ate almost 
completely removed, but at ths cost of tns qsln ob- 
tained throujh resonant detection, Boat signifi- 
cant Implication of Uila work ia that accurate ground 
notion can ba recovered from almost any three 
component DBS. ueverthslaaa, poor performance of 
JB3*a will lead to degraded recovery of grouad notion, 

■o that design cons ids rat Ions which reduce the 
resonance! in (B3- sal floor coupling rmmain important. 
(OBS-am* floor coupling, ealBBOtsettyJ 

J. C sop hyr. hi., B, Paper 4 B 0775 
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Solar Physics, Astrophysics, 
and Astronomy 

7720 kllctruaajeactc Kadlitiae 
SoLA H 1MAU1AHL« VMUCIWI SHAH 2U7> AWiSTKUiS 
L.A, uell inlr Force Urayhyaics Laooratnry, 
uaotord, heseaeluiaaLLa, 01711) and <i.F. 
andorean 

Mlaau reseat s al svlar reals tlcg lu (ho vicinity 
or cue ail aMurpilon page at iV7o Angst cams provMa 
a ueoi or coopering tea nagnitudw ol Uhi ll-yuar 
vsrlaLLon In ewlar activity witii tliat of che 27-day 
vartntlM. Iho ratio nt ton solar Irraueauce In Cha 
und ZUJU-iv/ug to that la aha band J1UU-Z14UA 
nea bsun delarbloea Iran rise taaaiuraomntn neoe Ln Chn 
purled 1977-lVe), Thla raclu, nw an almuwt [nicnly 
rulacLvu dsesuranaut, amide (bn praalam at wosolutw 
trradlenta coaparlaeee ever long pnrAada ot tlna- 
Iliw eug.nituaa oi the 11-year at fact In tnLe racLo la 
abouc £ U, which la conpirablo tu tree In thn 
47-ony enact msa auted ac sot nr uilnn. vnolnr 

ultraviolet , solar irradlnpca, solar vsrlatLon), 

J. Gecpbya. Hen., D, Paper 4D0940 

7720 Oeaea ray astronomy 

P RODU CT! WI OF HIGH BMRR3T OAHKA MYB ST COSMIC NW 
IHTKHACTIOtU IH Till AT7W6PBW AW UIHAF 8USFAC* 

□. a. Herrin IHau Oadn cs-62, Hateha!) Ehcs night 
Cantor, RunLnvlUe, Ab J5B12) 

The production ■>! ^iwi rays sbavs 1b KsV by the 
laterautlon of mean re ye In the atrenphera and tho 
liner aurfaae le nlnuletsd using Monts Car La »thoda. 
The cnleulaclon Ineorparstsa n mew ratal of high energy 
nuclaoe-nuol sue Intnraotlnne baasd an nsplrLoal rite ta 
InclunLve crone snetlona Tor tha proJuetloo of ptem 
end nuoluonn. Thn eteuiplnrlc g-n— ■ nun In 

celculetsd aa a funoclcn ot dirnctlen, energy, and 
staonpharlc depth. Hues cnlmilatlona are encered 
with abnirvetlene free balloons and ria> tha lu 2 
sitalUts. retlnatse ef ths riun ef nareh albedo 
alaaLrona proiuosJ by eoamle ray Interact tone are 

praanated. The lunar game ray nlbndo la caLculatsI 
and coopered with an upper limit baud m SAX a 
nsa ■ ur saints . fgsnas tsya, rouala rays, atzaaphara, 
nooD) . 

J. Gowphya. He*., A, Paper 4.V37tiS 
J7bB Rails Aairceony 

0-Jgc™ m TLB I OBSERVATIONS AT 3 KM 

Slaei.'VT'Z «faw*dtoiy, Uiatlerd, HA 

oim . A. T. Nerret. 0. C. lacker, and J. H. Horan 
VLII aeperlnwQte nt a Iraq us pry a f 89 QBi (].( m 
wavDlsngth) unlng hydTcgsn aenar frequency atanderde 
iniiw that undei good Ituiphlrlc Conditions enherenca 
can Da oaintafntd for ilooa up to 700 aecoede, 
cor isi ponding to sb Allan standard deviation of 
appro, inalcjy 10 . n,. aeabillty .pp U n to bn 

largely United by the phann noise reuniting Cram 
fluctuation! in delay through the troposphere. Hethode 
of set luting Cha iMarfaf-taelur rrlegs anplltudee end 
claaum pha.ee In thn prononce of large phaav 
riuctuailBna am onanlnnd. Thn epnclrua nnd ths Allan 
ataodntd deviation of thn obaarvad phnsn fluctuation* 
are derived. (Coberonce, mill lust ei, tropeephnri. 
very long busline Cntsc f erocstcy) . 

F-iJ. 5.I., Paper isnaea 


DOES YOUR LIBRARY 
SUBSCRIBE TO 

tectonics? 


tectonics is an iniernational 
scienilfic journal, sharply focused on 
Inierdfsciplinary teclonfc research. 

Why should your library subscribe 
lo tectonics? Quite simply because il 
is the bast journal in ihe held 

Published bimonthly as a cooperative 
effort between the American Geophysical 
Union and ihe European Geophysical 
Society, each issue of tectonics con- 
tains original contributions in analytical, 
synthetic, and Integrative tectonics. 

tectonics deserves a place In the 
library of your Institution or organization. 
This authoritative journal offers: 

■ hlgh-fmpact original articles 

■ extensive fotdouts of maps and 
structural dtagra/ns 

■ stringent refereeing standards , 
ensuring publication of superior 
papers 

■ immediate access to the leading 
edge of tectonic research 

■ absolute resource for scientists 
and students Involved in regional 
geology, structure, tectonics, end 
hard-rock geology 


7310 Economics 

FCnCASTJSG RELATIVE FKKX /OVBBHTS HYR PROJECT 
BVALCATI0B 

H. Fortin, B-A. HcBaaa (Dept, af Civil Engineering, 
Olivers try af Bntnrloe, Vatarlbs, Oncer lo, K21 301) 
Inflationary leasts have differencial Ly Influenced tha 
pflcea af varlooa cenpenanta ef water iwianrcai projects. 
Therefore, foracsals baaed on .[eclat leal analyaea ef 
Malorl eal ptlca trends are a grained to determine whether 
the differential inflationary Inpacta In tha future ray 
ba predicted. Slap la a tat 1st lea l as tl mi tea ef 
anticipated rates nf change in rqlnlln prices nM shewn 
ae not bs reliable predictor* of future price oavsMnta. 
Relative price severance nay tketsforo only fen forecast 
on the basis of fairly aubaieatlal aulyaaa ef market 
fereen. (Inflatloa, price an vera nre. projtct 
aval ue rloa). 

Tatar Reiour. Rea., Paper 4VDB20 
7310 Econcalct 

ECONOMICS OF IIHIRQ ST«W DMIKASE lHPNOyEKEXTS 
Harold C. Coclirine and Pau) C. Huszar {Ocpartaeiit 
nf Agricultural apd Natural Reiource EconMlci, 

Colerida Stall Uitverslty. Fori Colllai, Colorado 
80523} 

An laparunt conponent of opt fulling store 
drainage InprovreanU Is tho lining ot their 
Inplenenlatlon, Both, the nurtor and lh* value 
of itructuras protected fay a drainage project ray 
Increase with tfna,' thug incrnilng Uw btncfltg 
or dDlaylna tho project. Unlaying the prnjoct, 
hownar. alM **y mUi) coita of grutar 
upactod losiai ind rising conitn/cMon expendi- 
ture!. The I not of Lining 11 also confuted by 
Inflation, ' Th* optlnun lira to conitnicl • drain* 

■gi project depends upon the tnltlll value of the 
i true Lures at rfik, the conitnictlon com or tho 
project and tbi rata! of growth In there two 
values.' Growth rjtei art properly conputed lo 
ml tong! io *9 not to be confustd with Inflation. 

The opt (aw tfna hrIhIzh Ue dlffermce batvrn 
th* changing prdiait value* of tha fatnofits and 
costs of tho project. In gamral, project! In 
urbinfctiu grHi nay b« opt i sully delayed. 

Projacti in ratura, davalopad arm are not likely 
candidates Tor d»]*y. (Benaflt/COst Analysts , 

Store Oralnaga'Inprovsaant. Tlnlrif) 
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